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RECOMBINANT CYTOMEGALOVIRUS
VECTORS AS VACCINES FOR
TUBERCULOSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 62/353,432 filed Jun. 22, 2016 and U.S.
Provisional Application Ser. No. 62/478,099 filed Mar. 29,
2017, each of which is incorporated herein by reference in
its entirety.

FIELD

The present disclosure is directed, in part, to cytomega-
lovirus vectors encoding fusion proteins comprising Myco-
bacterium tuberculosis (Mtb) antigens, nucleic acid mol-
ecules encoding the same, cytomegalovirus vectors
comprising nucleic acid molecules, compositions compris-
ing the same, and methods of eliciting an immune response
against tuberculosis.

BACKGROUND

Tuberculosis (TB) is a global health problem resulting in
8 million new cases and 2 million deaths each year. The
emergence of multi-drug and totally-drug resistant strains of
TB only makes this problem more severe. The life cycle of
Mtb has 3 stages. In the acute phase following initial
infection the bacteria replicate in the host and virulence
factors are expressed, leading to the generation of an
immune response by the host. As the immune response
begins to control the infection, the Mtb enters a latent,
asymptomatic state in which the bacteria become non-
replicating and are encased in granulomas. The bacterium
can persist in this latent state in infected individuals for
many years, making diagnosis and treatment of disease
difficult. In some cases, the bacteria are reactivated and
begin replicating again, leading back to the disease state.
Reactivation can occur for numerous reasons, including
immune suppression caused by diseases such as HIV, treat-
ments such as chemotherapy, or the weakening of the
immune system due to aging. An estimated 2 billion people
are latently infected with Mtb worldwide, and reactivation
of latent Mtb accounts for most new cases of active TB
disease. Reactivation is associated with inflammation,
necrosis and cavitation of the lung, a process that results in
draining of the lesions into the bronchus. Aerosols generated
when individuals with bronchial lesions cough causes dis-
semination of the Mtb organism to uninfected, susceptible
persons, and the transmission cycle is thus maintained.

The only currently available vaccine against TB, Myco-
bacterium bovis (Bacille Calmette-Guérin) (BCG), was first
introduced in 1921. BCG has been widely utilized and while
studies show that for some purposes BCG is effective (e.g.
against disseminated TB in infants), it is known to be
ineffective with respect to preventing the development,
persistence and reactivation of latent TB in adults. There is
an ongoing need to develop improved, more effective vac-
cines against TB.

Use of cytomegalovirus (CMV) vectors (e.g., Rhesus
CMV (RhCMV) and human CMV (HCMV)) has particular
advantages. First, CMV elicits an astoundingly high fre-
quency (steady-state) T cell response, at least an order of
magnitude higher than that of most non-persistent virus (it is
not uncommon for CMV-specific T cells to encompass
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>20% of the circulating memory repertoire), and the repre-
sentation of CMV-specific T cells (as it relates to CMV-
driven non-CMYV antigens) is even higher in tissues such as
the lung and liver. In addition, the above responses persist
indefinitely. CMV is also capable of re-infecting already
chronically infected individuals, even in the face of pre-
existing immune responses, and such re-infection with
recombinant CMVs is also capable of inducing new
responses to distinct CMV-encoded foreign proteins. CMV
also engenders pathogenicity only in very specific situations
of immune deficiency, immaturity, or seronegative pregnant
women (its potential for disease is among the best docu-
mented among potential human pathogens). Finally, CMV
infection is ubiquitous in most of humanity.

While vaccines are often effective to immunize individu-
als prophylactically or therapeutically against pathogen
infection or human diseases, there is a need for improved
vaccines and vectors. There is also a need for compositions
and methods that produce an enhanced immune response.
Likewise, while some immunotherapeutics are useful to
modulate immune response in a patient, there remains a need
for improved immunotherapeutic compositions and meth-
ods.

SUMMARY

The present disclosure provides recombinant Rh\CMV or
HCMYV vectors comprising a nucleic acid sequence encod-
ing an expressible Mtb antigen selected from Ag85A-
Ag85B-Rv3407, Rv1733-Rv2626c, RpfA-RpfC-RpiD,
Ag85B-ESAT6, and Ag85A-ESAT6-Rv3407-Rv2626¢-
RpfA-RpfD.

The present disclosure also provides pharmaceutical com-
positions comprising the recombinant RhCMV or HCMV
vaccine vectors described herein and a pharmaceutically
acceptable carrier.

The present disclosure also provides methods for treat-
ment or prevention of tuberculosis comprising administering
to a subject in need thereof at least one recombinant R\CMV
or HCMYV vaccine vector described herein.

The present disclosure also provides methods for eliciting
an immune response to a Mtb antigen comprising adminis-
tering to a subject in need thereof at least one recombinant
RhCMV or HCMV vaccine vector described herein.

The present disclosure also provides methods for eliciting
a CD84+ or CD4+ T cell response to a Mtb antigen compris-
ing administering to a subject in need thereof at least one
recombinant RhCMV or HCMYV vaccine vector described
herein.

The present disclosure also provides Mtb antigens
selected from Ag85B-ESAT6 and Ag85A-ESAT6-Rv3407-
Rv2626¢-RpfA-RpfD.

A joint research agreement exists between Aeras and the
Oregon Health & Sciences University.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows immunogenicity of BCG and Rhesus CMV
vectors containing various TB constructs; immune
responses induced by vaccination were analyzed by intrac-
ellular cytokine staining throughout the vaccination period;
shown is the percentage of memory cells expressing either
IFNy or TNF; CD4+ T cells are shown in the upper panel and
CD8+ T cells are shown in the lower panels.

FIG. 2 (panels a, b, ¢, and d) shows ESAT-6-specific
responses analyzed by intracellular cytokine staining
throughout the vaccination period; shown above are the
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percentages of memory cells expressing either IFNy or TNF;
included are responses from peripheral blood mononuclear
cells (PBMCs; shown in panels a and b) and bronchoa-
levolar lavage cells (BAL; shown in panels ¢ and d); CD4+
T cells are shown in panels a and ¢, and CD8+ T cells are
shown in panels b and d.

FIG. 3 (panels a, b, ¢, and d) shows Rv1733-specific
responses analyzed by intracellular cytokine staining
throughout the vaccination period; shown above are the
percentages of memory cells expressing either IFNy or TNF;
included are responses from peripheral blood mononuclear
cells (PBMCs; shown in panels a and b) and bronchoa-
levolar lavage cells (BAL; shown in panels ¢ and d); CD4+
T cells are shown in panels a and ¢, and CD8+ T cells are
shown in panels b and d.

FIG. 4 (panels a, b, ¢, and d) shows RpfC-specific
responses analyzed by intracellular cytokine staining
throughout the vaccination period; shown above are the
percentages of memory cells expressing either IFNy or TNF;
included are responses from peripheral blood mononuclear
cells (PBMCs; shown in panels a and b) and bronchoa-
levolar lavage cells (BAL; shown in panels ¢ and d); CD4+
T cells are shown in panels a and ¢, and CD8+ T cells are
shown in panels b and d.

FIG. 5 (panels a, b, ¢, and d) shows Ag85B-specific
responses analyzed by intracellular cytokine staining
throughout the vaccination period; shown above are the
percentages of memory cells expressing either IFNy or TNF;
included are responses from peripheral blood mononuclear
cells (PBMCs; shown in panels a and b) and bronchoa-
levolar lavage cells (BAL; shown in panels ¢ and d); CD4+
T cells are shown in panels a and ¢, and CD8+ T cells are
shown in panels b and d.

FIG. 6 (panels a and b) shows Ag85A-specific responses
analyzed by intracellular cytokine staining throughout the
vaccination period; shown above are the percentages of
memory cells expressing either [FNy or TNF; included are
responses from peripheral blood mononuclear cells; CD4+ T
cells are shown in panel a and CD8+ T cells are shown in
panel b.

FIG. 7 (panels a and b) shows Rv3407-specific responses
analyzed by intracellular cytokine staining throughout the
vaccination period; shown above are the percentages of
memory cells expressing either [FNy or TNF; included are
responses from peripheral blood mononuclear cells; CD4+ T
cells are shown in panel a and CD8+ T cells are shown in
panel b.

FIG. 8 (panels a and b) shows Rv2626-specific responses
analyzed by intracellular cytokine staining throughout the
vaccination period; shown above are the percentages of
memory cells expressing either [FNy or TNF; included are
responses from peripheral blood mononuclear cells; CD4+ T
cells are shown in panel a and CD8+ T cells are shown in
panel b.

FIG. 9 (panels a and b) shows Rpm-specific responses
analyzed by intracellular cytokine staining throughout the
vaccination period; shown above are the percentages of
memory cells expressing either [FNy or TNF; included are
responses from peripheral blood mononuclear cells; CD4+ T
cells are shown in panel a and CD8+ T cells are shown in
panel b.

FIG. 10 (panels a and b) shows RpfA-specific responses
analyzed by intracellular cytokine staining throughout the
vaccination period; shown above are the percentages of
memory cells expressing either [FNy or TNF; included are
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responses from peripheral blood mononuclear cells; CD4+ T
cells are shown in panel a and CD8+ T cells are shown in
panel b.

FIG. 11 (panels a and b) shows Ag85B-specific cells
phenotyped by flow cytometry and classified as naive, Tem
(central memory), TrEM (transitional effector memory), or
Tem (effector memory) T cells; CD4+ T cells are shown in
panel a and CD8+ T cells are shown in panel b; analysis was
performed in the plateau phase, at days 316/318 after BCG
vaccination.

FIG. 12 shows T cells stimulated with antigen in the
presence of antibody to block MHC I (red) or MHC 1I
(blue); CD8+ T cell responses induced by BCG are primarily
inhibited by blocking MHC I; in contrast, responses induced
by RhCMV 68-1 are primarily inhibited by blocking MHC
1I.

FIG. 13 shows correlation between various pairings of
efficacy criteria; also included in each analysis are slope (rs)
and p value.

FIG. 14 shows representative CT scans from NHP in the
unvaccinated and RhCMV/TB groups.

FIG. 15 shows the volume of parenchymal disease present
at the time points indicated (or, for data points shown with
open symbols, at necropsy).

FIG. 16 (panels a, b, and c¢) shows the necropsy score
overall (panel a), in the lung alone (panel b) and in lung
draining lymph nodes (panel c).

FIG. 17 (panels a, b, ¢, and d) shows the bacterial burden
(CFU/g tissue) present in random samples from the lung/
trachea (light blue), draining lymph nodes (red), peripheral
lymph nodes (dark blue), and extrapulmonary tissues
(green); shown are representative NHP from each group,
including unvaccinated (panel a), BCG (panel b), CMV
(panel c¢), and BCG+CMYV (panel d).

FIG. 18 shows the number of Mtb culture-positive
samples present in random biopsies from NHP; overall
culture scores are broken out into lung and non-lung com-
partments.

FIG. 19 (panels a and b) shows non-lung samples further
broken out into lung draining lymph node samples (panel a)
and non-lung associated samples (panel b); non-lung asso-
ciated samples include liver, kidney, and spleen.

FIG. 20 (panels a, b, c, d, e, and f) shows the bacterial
burden in all lung-draining lymph nodes (panel a), as well as
specific lung draining lymph nodes (panels b, ¢, and d); also
included is the granuloma score for the carinal (panel e) and
hilar (panel f) lymph nodes.

FIG. 21 shows the T cell response against each antigen is
shown at various time points throughout the vaccination
phase.

FIG. 22 shows a correlation between the CD4 T cell
response against each antigen, shown at various time points
throughout the vaccination phase, and the extent of extra-
pulmonary spread.

FIG. 23 shows a correlation between the CD8 T cell
response against each antigen, shown at various time points
throughout the vaccination phase, and the extent of extra-
pulmonary spread.

FIG. 24 (panels a, b, ¢, and d) shows infection by
detection of de novo immune responses. PBMCs were
stimulated with RhCMV lysate (panels a and b) or CFP
peptides (panels ¢ and d); responses were analyzed by
intracellular cytokine staining; shown are the percentages of
memory cells expressing either I[FNy or TNF; included are
responses from peripheral blood mononuclear cells; CD4+
(panels a and ¢) and CD8 (panels b and d) T cells responses
are shown.
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FIG. 25 (panels a, b, ¢, d, e, and f) shows RhCM V-induced
immune responses analyzed post-challenge; PBMCs were
stimulated with ESAT6 (panels a and b), Ag85B (panels ¢
and d), and Rv1733 (panels e and f); responses were
analyzed by intracellular cytokine staining; shown are the
percentages of memory cells expressing either IFNy or TNF;
CD4+(panels a, ¢, and e) and CD8+(panels b, d, and f) T
cells responses.

FIG. 26 (panels a, b, ¢, and d) show the total RhCMV-
induced immune responses in various compartments ana-
lyzed post-necropsy (panels a and b) and de novo CFP10
responses induced by infection (panels ¢ and d); shown
above are the percentages of memory cells expressing either
IFNy or TNF.

FIG. 27 shows individual antigen-specific CD4+ T cell
responses in various compartments analyzed post-necropsy;
shown above are the percentages of memory cells express-
ing either IFNy or TNF.

FIG. 28 shows individual antigen-specific CD4+ T cell
responses in various lymph nodes analyzed post-necropsy;
shown above are the percentages of memory cells express-
ing either IFNy or TNF.

FIG. 29 shows the total RhCMV-induced immune
responses in various compartments analyzed post-necropsy;
panels ¢ and d show de novo CFP10 responses induced by
infection; shown above are the percentages of memory cells
expressing either IFNy or TNF.

FIG. 30 shows the individual antigen-specific CD8+ T
cell responses in various compartments analyzed post-nec-
ropsy; shown above are the percentages of memory cells
expressing either IFNy or TNF.

FIG. 31 shows individual antigen-specific CD8+ T cell
responses in various lymph nodes analyzed post-necropsy;
shown above are the percentages of memory cells express-
ing either IFNy or TNF.

FIG. 32 shows a correlate analysis comparing the splenic
CD4+ T cell response with the number of culture-positive
lymph nodes.

FIG. 33 shows immune responses induced by vaccination
analyzed by intracellular cytokine staining throughout the
vaccination period; shown are the percentages of memory
cells expressing either IFNy or TNF; included are responses
from peripheral blood mononuclear cells; CD4+ T cells and
CDS8+ T cells are shown; the data points represent a sum-
mation of the antigens assayed, which are indicated below
the panel.

FIG. 34 shows immune responses induced by vaccination
normalized between vectors by summing only those anti-
gens present in each vector (antigens noted below the panel);
responses were analyzed by intracellular cytokine staining
throughout the vaccination period; shown are the percent-
ages of memory cells expressing either IFNy or TNF;
included are responses from peripheral blood mononuclear
cells; CD4+ T cells and CD8+ T cells are shown.

FIG. 35 (panels a and b) shows immune responses
induced by vaccination analyzed by intracellular cytokine
staining throughout the vaccination period; shown are the
percentages of memory cells expressing either IFNy or TNF;
included are responses from BAL; CD4+ T cells are shown
in panel a and CD84+ T cells are shown in panel b; the data
points represent a summation of the antigens assayed, which
are indicated below the panel.

FIG. 36 shows peripheral blood CFP10-specific T cell
responses post-Mtb challenge.

FIG. 37 shows clinical outcome data from longitudinal
CT scans, which is used to quantify the volume of lung
disease present post-challenge.
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FIG. 38 shows a necropsy score.

FIG. 39 shows a culture score.

FIG. 40 shows overall efficacy of Strain 68-1 RhCMV/TB
vectors.

FIG. 41 shows late disease resolution in a Strain 68-1
RhCMV/TB-6Ag single vector vaccination.

FIG. 42 (panels a, b, c, d, e, and f) shows the immuno-
genicity of RhCMV/TB and BCG vaccines for Study 3.

FIG. 43 (panels a, b, c, d, e, and f) shows the outcome of
Mtb challenge for Study 3.

FIG. 44 (panels a, b, ¢, d, e, f, and g) shows the
immunogenicity of RICMV/TB vaccines for Study 4.

FIG. 45 (panels a, b, ¢, d, e, f, g, and h) shows the outcome
of Mtb challenge for Study 4 and overall.

FIG. 46 (panels a, b, and ¢) shows RhCMV/TB vectors
used in Study 3 and 4.

FIG. 47 (panels a, b, and ¢) shows the development of de
novo Mtb-specific CD8+ T cell responses after Mtb chal-
lenge.

FIG. 48 shows pathologic scoring of TB disease at
necropsy.

FIG. 49 (panels a, b, ¢, d, and e) shows a summary of
outcome statistics.

FIG. 50 (panels a, b, ¢, and d) shows a comparison of
different measures of TB infection outcome.

FIG. 51 shows a summary of TB disease outcome at
necropsy of Study 3.

FIG. 52 shows MHC-restriction analysis of RhCMV/TB
vector-elicited CD8+ T cell responses in Study 4.

FIG. 53 (panels a and b) shows an analysis of non-
vaccine-elicited, Mtb-specific CD4+ and CD8+ T cell
responses at necropsy.

FIG. 54 shows a summary of outcome at necropsy of
Study 4.

FIG. 55 (panels a, b, and ¢) shows immune correlates
analysis of Studies 3 and 4.

DESCRIPTION OF EMBODIMENTS

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting.

As used herein, the singular forms “a,” “an” and “the”
include plural referents unless the context clearly dictates
otherwise.

For recitation of numeric ranges herein, each intervening
number there between with the same degree of precision is
explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and 8 are contemplated in addition to 6 and
9, and for the range 6.0-7.0, the numbers 6.0, 6.1, 6.2, 6.3,
6.4, 6.5, 6.6, 6.7, 6.8, 6.9, and 7.0 are explicitly contem-
plated.

As used herein, “adjuvant” means any molecule added to
any composition described herein to enhance the immuno-
genicity of the Mtb antigens.

As used herein, “coding sequence” or “encoding nucleic
acid” means the nucleic acids (RNA or DNA molecule) that
comprise a nucleotide sequence which encodes an Mtb
antigen. The coding sequence can further include initiation
and termination signals operably linked to regulatory ele-
ments including a promoter and polyadenylation signal
capable of directing expression in the cells of an individual
or mammal to which the nucleic acid is administered.

As used herein, “consensus” or “consensus sequence”
means a polypeptide sequence based on analysis of an
alignment of multiple subtypes of a particular Mtb antigen.
Nucleic acid sequences that encode a consensus polypeptide
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sequence can be prepared. Vaccines comprising Mth anti-
gens that comprise consensus sequences and/or nucleic acid
molecules that encode such antigens can be used to induce
broad immunity against multiple subtypes or serotypes of a
particular antigen. I some embodiments, the consensus
sequence may be the most common sequence.

As used herein, “electroporation” means the use of a
transmembrane electric field pulse to induce microscopic
pathways (pores) in a bio-membrane; their presence allows
biomolecules such as plasmids, oligonucleotides, siRNA,
drugs, ions, and water to pass from one side of the cellular
membrane to the other.

As used herein, “fragment” with respect to nucleic acid
sequences, means a nucleic acid sequence or a portion
thereof, that encodes a portion of an Mtb antigen capable of
eliciting an immune response in a mammal that cross reacts
with a full length wild type Mtb antigen. The fragments can
be DNA fragments selected from at least one of the various
nucleotide sequences that encode protein fragments set forth
below. For example, polynucleotides may comprise at least
about 15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or
1000 or more contiguous nucleotides of one or more of the
sequences disclosed herein as well as all intermediate
lengths there between. It will be readily understood that
“intermediate lengths”, in this context, means any length
between the quoted values, such as 16, 17, 18, 19, etc.; 21,
22, 23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101,
102, 103, etc.; 150, 151, 152, 153, etc.; including all integers
through 200 to 500; 500 to 1,000, and the like.

As used herein, “fragment” or “immunogenic fragment”
with respect to polypeptide sequences, means a portion of an
MTB antigen capable of eliciting an immune response in a
mammal that cross reacts with a full length wild type strain
Mtb antigen. Fragments of consensus or wild type Mtb
antigens can comprise at least 10%, at least 20%, at least
30%, at least 40%, at least 50%, at least 60%, at least 70%,
at least 80%, at least 90% or at least 95% of a consensus or
wild type Mtb antigen. In some embodiments, fragments of
consensus proteins can comprise at least 20 amino acids or
more, at least 30 amino acids or more, at least 40 amino
acids or more, at least 50 amino acids or more, at least 60
amino acids or more, at least 70 amino acids or more, at least
80 amino acids or more, at least 90 amino acids or more, at
least 100 amino acids or more, at least 110 amino acids or
more, at least 120 amino acids or more, at least 130 amino
acids or more, at least 140 amino acids or more, at least 150
amino acids or more, at least 160 amino acids or more, at
least 170 amino acids or more, at least 180 amino acids or
more of a consensus or wild type protein.

As used herein, “genetic construct” refers to the DNA or
RNA molecules that comprise a nucleotide sequence which
encodes an Mtb antigen. The coding sequence includes
initiation and termination signals operably linked to regu-
latory elements including a promoter and polyadenylation
signal capable of directing expression in the cells of the
individual to whom the nucleic acid molecule is adminis-
tered.

As used herein, “expressible form™ refers to gene con-
structs that contain the necessary regulatory elements oper-
able linked to a coding sequence that encodes an Mtb
antigen such that when present in the cell of the individual,
the coding sequence will be expressed.

As used herein, “homology” refers to a degree of comple-
mentarity for nucleic acid molecules. There can be partial
homology or complete homology (i.e., identity). A partially
complementary sequence that at least partially inhibits a
completely complementary sequence from hybridizing to a
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target nucleic acid is referred to using the functional term
“substantially homologous.” When used in reference to a
double-stranded nucleic acid sequence such as a cDNA or
genomic clone, the term “substantially homologous™ refers
to a probe that can hybridize to a strand of the double-
stranded nucleic acid sequence under conditions of low
stringency. When used in reference to a single-stranded
nucleic acid sequence, the term “substantially homologous™
refers to a probe that can hybridize to (i.e., is the comple-
ment of) the single-stranded nucleic acid template sequence
under conditions of low stringency.

As used herein, “identical” or “identity” in the context of
two or more nucleic acids or polypeptide sequences, means
that the sequences have a specified percentage of residues
that are the same over a specified region. The percentage can
be calculated by optimally aligning the two sequences,
comparing the two sequences over the specified region,
determining the number of positions at which the identical
residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched posi-
tions by the total number of positions in the specified region,
and multiplying the result by 100 to yield the percentage of
sequence identity. In cases where the two sequences are of
different lengths or the alignment produces one or more
staggered ends and the specified region of comparison
includes only a single sequence, the residues of single
sequence are included in the denominator but not the
numerator of the calculation. When comparing DNA and
RNA, thymine (T) and uracil (U) residues can be considered
equivalent. Identity and/or homology can be performed
manually or by using a computer sequence algorithm such as
BLAST or BLAST 2.0.

As used herein, “immune response” means the activation
of a host’s immune system, e.g., that of a mammal, in
response to the introduction of an Mtb antigen. The immune
response can be in the form of a cellular or humoral
response, or both.

As used herein, “isolated” means that a polynucleotide is
substantially away from other coding sequences, and that the
nucleic acid segment does not contain large portions of
unrelated coding DNA, such as large chromosomal frag-
ments or other functional genes or polypeptide coding
regions. Of course, this refers to the nucleic acid segment as
originally isolated, and does not exclude genes or coding
regions later added to the segment by the hand of man.

As used herein, “Mtb antigen” means an antigen from
Mycobacterium tuberculosis, which may be an isolated
antigen, or an antigen that forms part of a fusion protein with
other antigen(s).

As used herein, “Mycobacteria” means a genus of aerobic
intracellular bacterial organisms. Upon invasion of a host,
these organisms survive within endosomal compartments of
monocytes and macrophages. Human mycobacterial dis-
eases include tuberculosis (caused by M. tuberculosis
(Mtb)), Leprosy (caused by M. leprae), Bairnsdale ulcers
(caused by M. ulcerans), and other infections that can be
caused by M. marinum, M. kansasii, M. scrofulaceum, M
szulgai, M xenopi, M. fortuitum, M haemophilum, M che-
lonei, and M. intracelluare. Mycobacterium strains that were
previously considered to be nonpathogenic (such as M.
avium) are also now known to be major killers of immuno-
suppressed AIDS patients. The major response to mycobac-
teria involves cell mediated hypersensitivity (DTH) reac-
tions with T cells and macrophages playing major roles in
the intracellular killing and walling off (or containing) of the
organism (granuloma formation). A major T cell response
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involves CD4" lymphocytes that recognize mycobacterial
heat shock proteins and immunodominant antigens.

As used herein, “nucleic acid” or “oligonucleotide” or
“polynucleotide” means at least two nucleotides covalently
linked together, which has been isolated free of total
genomic DNA of a particular species. Included within these
terms are nucleic acid segments and smaller fragments of
such segments, and also recombinant CMV vectors. The
depiction of a single strand also defines the sequence of the
complementary strand. Thus, a nucleic acid also encom-
passes the complementary strand of a depicted single strand.
Many variants of a nucleic acid can be used for the same
purpose as a given nucleic acid. Thus, a nucleic acid also
encompasses substantially identical nucleic acids and
complements thereof. A single strand provides a probe that
can hybridize to a target sequence under stringent hybrid-
ization conditions. Thus, a nucleic acid also encompasses a
probe that hybridizes under stringent hybridization condi-
tions. Nucleic acids can be single stranded or double
stranded, or can contain portions of both double stranded
and single stranded sequence. The nucleic acid can be DNA,
both genomic and ¢cDNA, RNA, or a hybrid, where the
nucleic acid can contain combinations of deoxyribo- and
ribo-nucleotides, and combinations of bases including ura-
cil, adenine, thymine, cytosine, guanine, inosine, xanthine
hypoxanthine, isocytosine and isoguanine. Nucleic acids can
be obtained by chemical synthesis methods or by recombi-
nant methods. As will be understood by those skilled in the
art, the nucleic acid molecules can include genomic
sequences, extra-genomic and plasmid-encoded sequences
and smaller engineered gene segments that express, or may
be adapted to express, proteins, polypeptides, peptides and
the like. Such segments may be naturally isolated, or modi-
fied synthetically by the hand of man.

As used herein, “operably linked” means that expression
of'a gene is under the control of a promoter with which it is
spatially connected. A promoter can be positioned 5' (up-
stream) or 3' (downstream) of a gene under its control. The
distance between the promoter and a gene can be approxi-
mately the same as the distance between that promoter and
the gene it controls in the gene from which the promoter is
derived. As is known in the art, variation in this distance can
be accommodated without loss of promoter function.

As used herein, “promoter” means a synthetic or natu-
rally-derived molecule which is capable of conferring, acti-
vating or enhancing expression of a nucleic acid in a cell. A
promoter can comprise one or more specific transcriptional
regulatory sequences to further enhance expression and/or to
alter the spatial expression and/or temporal expression of
same. A promoter can also comprise distal enhancer or
repressor elements, which can be located as much as several
thousand base pairs from the start site of transcription. A
promoter can be derived from sources including viral, bac-
terial, fungal, plants, insects, and animals. A promoter can
regulate the expression of a gene component constitutively,
or differentially with respect to cell, the tissue or organ in
which expression occurs or, with respect to the develop-
mental stage at which expression occurs, or in response to
external stimuli such as physiological stresses, pathogens,
metal ions, or inducing agents.

As used herein, “signal peptide” and “leader sequence”,
used interchangeably, refer to an amino acid sequence that
can be linked at the amino terminus of an Mtb antigenic
protein set forth herein. Signal peptides/leader sequences
typically direct localization of a protein. Signal peptides/
leader sequences used herein can facilitate secretion of the
protein from the cell in which it is produced or anchor it in
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the membrane. Signal peptides/leader sequences are often
cleaved from the remainder of the protein, often referred to
as the mature protein, upon secretion from the cell. Signal
peptides/leader sequences are linked at the N terminus of the
protein.

As used herein, “stringent hybridization conditions”
means conditions under which a first nucleic acid sequence
(e.g., probe) will hybridize to a second nucleic acid sequence
(e.g., target), such as in a complex mixture of nucleic acids.
Stringent conditions are sequence-dependent and will be
different in different circumstances. Stringent conditions can
be selected to be about 5 to 10° C. lower than the thermal
melting point (T,,) for the specific sequence at a defined
ionic strength pH. The T,, can be the temperature (under
defined ionic strength, pH, and nucleic concentration) at
which 50% of the probes complementary to the target
hybridize to the target sequence at equilibrium (as the target
sequences are present in excess, at T,,, 50% of the probes are
occupied at equilibrium). Stringent conditions can be those
in which the salt concentration is less than about 1.0 M
sodium ion, such as about 0.01 to 1.0 M sodium ion
concentration (or other salts) at pH 7.0 to 8.3 and the
temperature is at least about 30° C. for short probes (e.g.,
about 10 to 50 nucleotides) and at least about 60° C. for long
probes (e.g., greater than about 50 nucleotides). Stringent
conditions can also be achieved with the addition of desta-
bilizing agents such as formamide. For selective or specific
hybridization, a positive signal can be at least 2 to 10 times
background hybridization. Exemplary stringent hybridiza-
tion conditions include the following: 50% formamide,
5xSSC, and 1% SDS, incubating at 42° C., or, 5xSSC, 1%
SDS, incubating at 65° C., with wash in 0.2xSSC, and 0.1%
SDS at 65° C.

As used herein, “substantially complementary” means
that a first sequence is at least 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, 97%, 98% or 99% identical to the comple-
ment of a second sequence over a region of 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40,
45,50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 180, 270, 360,
450, 540, or more nucleotides or amino acids, or that the two
sequences hybridize under stringent hybridization condi-
tions.

As used herein, “substantially identical” means that a first
and second sequence are at least 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical over a region of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, 180, 270, 360, 450, 540 or more
nucleotides or amino acids, or with respect to nucleic acids,
if the first sequence is substantially complementary to the
complement of the second sequence.

As used herein, “tuberculosis” means a disease that is
generally caused by Mycobacterium tuberculosis that usu-
ally infects the lungs. However, other “atypical” mycobac-
teria such as M. kansasii may produce a similar clinical and
pathologic appearance of disease. Transmission of M. tuber-
culosis occurs by the airborne route in confined areas with
poor ventilation. In more than 90% of cases, following
infection with M. tuberculosis, the immune system prevents
development of disease from M. tuberculosis, often called,
active tuberculosis. However, not all of the M. tuberculosis
is killed and, thus tiny, hard capsules are formed. “Primary
tuberculosis™ is seen as disease that develops following an
initial infection, usually in children. The initial focus of
infection is a small subpleural granuloma accompanied by
granulomatous hilar lymph node infection. Together, these
make up the Ghon complex. In nearly all cases, these
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granulomas resolve and there is no further spread of the
infection. “Secondary tuberculosis™ is seen mostly in adults
as a reactivation of previous infection (or reinfection),
particularly when health status declines. The granulomatous
inflammation is much more florid and widespread. Typi-
cally, the upper lung lobes are most affected, and cavitation
can occur. Dissemination of tuberculosis outside of the lungs
can lead to the appearance of a number of uncommon
findings with characteristic patterns that include skeletal
tuberculosis, genital tract tuberculosis, urinary tract tuber-
culosis, central nervous system (CNS) tuberculosis, gastro-
intestinal tuberculosis, adrenal tuberculosis, scrofula, and
cardiac tuberculosis. “Latent” tuberculosis is an Mtb infec-
tion in an individual that can be detected by a diagnostic
assay, such as, but not limited to a tuberculin skin test (TST)
wherein the infection does not produce symptoms in that
individual. “Active” tuberculosis is a symptomatic Mtb
infection in a subject. Microscopically, the inflammation
produced with TB infection is granulomatous, with epithe-
lioid macrophages and Langhans giant cells along with
lymphocytes, plasma cells, maybe a few polymorphonuclear
cells, fibroblasts with collagen, and characteristic caseous
necrosis in the center. The inflammatory response is medi-
ated by a type IV hypersensitivity reaction, and skin testing
is based on this reaction. In some examples, tuberculosis can
be diagnosed by a skin test, an acid fast stain, an auramine
stain, or a combination thereof. The most common specimen
screened is sputum, but the histologic stains can also be
performed on tissues or other body fluids.

As used herein, “variant” with respect to a nucleic acid
means: 1) a portion or fragment of a referenced nucleotide
sequence; ii) the complement of a referenced nucleotide
sequence or portion thereof; iii) a nucleic acid that is
substantially identical to a referenced nucleic acid or the
complement thereof; or iv) a nucleic acid that hybridizes
under stringent conditions to the referenced nucleic acid,
complement thereof, or a sequences substantially identical
thereto.

As used herein, “variant” with respect to a peptide or
polypeptide means that it differs in amino acid sequence by
the insertion, deletion, or conservative substitution of amino
acids, but retains at least one biological activity. Variant can
also mean a protein with an amino acid sequence that is
substantially identical to a referenced protein with an amino
acid sequence that retains at least one biological activity. A
conservative substitution of an amino acid, i.e., replacing an
amino acid with a different amino acid of similar properties
(e.g., hydrophilicity, degree and distribution of charged
regions) is recognized in the art as typically involving a
minor change Amino acid substitutions that are compatible
with biological function are understood to depend on the
relative similarity of the amino acids, and particularly the
side chains of those amino acids, as revealed by the hydro-
phobicity, hydrophilicity, charge, size, and other properties.
The term ““variant” also encompasses homologous genes of
xenogeneic origin.

As used herein, “CMYV vector” means a CMV nucleic acid
molecule as introduced into a host cell, thereby producing a
transformed host cell. A CMV vector may include nucleic
acid sequences that permit it to replicate in a host cell, such
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as an origin of replication. A CMV vector may also include
one or more selectable marker gene and other genetic
elements known in the art.

The present disclosure provides recombinant Rh\CMV or
HCMYV vectors comprising a nucleic acid molecule encod-
ing an expressible Mtb antigen selected from Ag85A-
Ag85B-Rv3407, Rv1733-Rv2626c, RpfA-RpfC-RpiD,
Ag85B-ESAT6, and Ag85A-ESAT6-Rv3407-Rv2626¢-
RpfA-RpfD. In some embodiments, the nucleic acid mol-
ecule encoding any particular Mtb antigen can be a myco-
bacterial sequence, a bacterial codon optimized sequence
(such as an E. coli optimized sequence), or a mammalian
optimized sequence (such as a human optimized sequence).
Methods of codon optimization (whether for bacterial or
mammalian) are well known to the skilled artisan.

In any of the embodiments of the nucleic acid molecules
set forth herein, the individual Mtb nucleic acid sequences
can be present in any order. For example, for a fusion protein
comprising Ag85A, Ag85B, and Rv3407 antigens, the first
(or N-terminal) nucleic acid molecule may encode Ag85A,
Ag85B, or Rv3407; the second nucleic acid molecule may
encode Ag85A, Ag85B, or Rv3407 (whichever one is not the
first Mtb antigen); and the third nucleic acid molecule may
encode Ag85A, Ag85B, or Rv3407 (whichever one is not the
first or second Mtb antigen). Likewise for every nucleic acid
molecule disclosed herein.

Additional coding or non-coding sequences may, but need
not, be present within a polynucleotide of the present
invention, and a polynucleotide may, but need not, be linked
to other molecules and/or support materials.

Polynucleotides may comprise a native sequence (e.g., an
endogenous sequence that encodes a CMV or TB protein or
a portion thereof) or may comprise a variant, or a biological
or antigenic functional equivalent of such a sequence.

A nucleotide sequence encoding Ag85A is shown in Table
1 as SEQ ID NO:1, and an amino acid sequence of Ag85A
is shown in Table 1 as SEQ ID NO:2.

A nucleotide sequence encoding Ag85B is shown in Table
1 as SEQ ID NO:3, and an amino acid sequence of Ag85B
is shown in Table 1 as SEQ ID NO:4.

A nucleotide sequence encoding Rv3407 is shown in
Table 1 as SEQ ID NO:5, and an amino acid sequence of
Rv3407 is shown in Table 1 as SEQ ID NO:6.

A nucleotide sequence encoding Rv1733 is shown in
Table 1 as SEQ ID NO:7, and an amino acid sequence of
Rv1733 is shown in Table 1 as SEQ ID NO:8.

A nucleotide sequence encoding Rv2626¢ is shown in
Table 1 as SEQ ID NO:9, and an amino acid sequence of
Rv2626¢ is shown in Table 1 as SEQ ID NO:10.

A nucleotide sequence encoding RpfA is shown in Table
1 as SEQ ID NO:11, and an amino acid sequence of RpfA
is shown in Table 1 as SEQ ID NO:12.

A nucleotide sequence encoding RpfC is shown in Table
1 as SEQ ID NO:13, and an amino acid sequence of RpfC
is shown in Table 1 as SEQ ID NO:14.

A nucleotide sequence encoding RpfD is shown in Table
1 as SEQ ID NO:15, and an amino acid sequence of RptD
is shown in Table 1 as SEQ ID NO:16.

A nucleotide sequence encoding ESAT-6 is shown in
Table 1 as SEQ ID NO:17, and an amino acid sequence of
ESAT-6 is shown in Table 1 as SEQ ID NO:18.
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TABLE 1

Construct

nucleotide sequence
amino acid sequence

Ag85A

Ag85B

Rv3407

Rv1733

Rv2626¢C

atgcagettgagacagggttegtggegecgtcacgggtatgtegegtegactegtggteg
gggcegteggegeggecctagtgtegggtetggteggegeegteggtggcacggegacey
cgggggcattaccceggecgggettgecggtggagtacetgecaggtgeegtegecgtegat
gggccgtgacatcaaggtccaattccaaagtggtggtgecaactegeccgeectgtacet
gctegacggectgegegegcaggacgacttcageggetgggacatcaacacceeggegtt
cgagtggtacgaccagtcegggectgteggtggtcatgecggtgggtggecagtcaagate
tactccgactggtaccageccgectgeggecaaggecggagecagacttacaagtgggaga
ccacctgaccagegagetgecggggtggetgcaggecaacaggcacgtcaageccacegyg
aagcgecgtegteggtattegatggetgatateggegetgacgetggegatetatcacee
ccagecagttegtetacgegggagegatgtegggectgaggacccecteccaggegatgggt
cccacectgateggectggegatgggtgacgetggeggetacaaggectecgacatgtgyg
ggcecgaaggaggacceceggegtggcagegcaacgaccecgetgttgaacgtegggaagetyg
atcgcecaacaacacccegegtetgggtgtactgeggeaacggcaagecgteggatetgggt
ggcaacaacctgccggcecaagacctcecgagggcettegtgeggaccagcaacatcaagacca
agacgcctacaacgcecggtggeggecacaacggegtgacgactteceggacageggtacyg
cacagctgggagtactggggcgegecagetcaacgctatgaageccgacctgcaacgggca
ctgggtgccacgcccaacaccegggeccgegecccagggegectag (SEQ ID NO: 1)
MQLVDRVRGAVTGMSRRLVVGAVGAALVSGLVGAVGGTATAGAFSRPGLPVEYLQVPSPS
MGRDIKVQFQSGGANSPALYLLDGLRAQDDFSGWDINTPAFEWYDQSGLSVVMPVGGQSS
FYSDWYQPACGKAGCQTYKWETFLTSELPGWLQANRHVKPTGSAVVGLSMAASSALTLAT
YHPQQFVYAGAMSGLLDPSQAMGP TLIGLAMGDAGGY KASDMWGPKEDPAWQRNDPLLNV
GKLIANNTRVWVYCGNGKPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFP
DSGTHSWEYWGAQLNAMKPDLQRALGATPNTGPAPQGA (SEQ ID NO: 2)

atgacagacgtgagccgaaagattegagecaggggacgecgattgatgateggecacggeag
cggetgtagtecacegggectggtgggget tgeeggeggageggcaaccgegggegegtt
cteceggecggggetgecggtegagtacetgeaggtgecgtcgecgtegatgggecgega
catcaaggttecagttecagageggtgggaacaactcacctgeggtttatetgetegacgyg
cectgegegeccaagacgactacaacggetgggatatcaacacceeggegttegagtggta
ctaccagtegggactgtegatagtcatgecggteggegggeagtecagatctacagegac
tggtacageceggectgeggtaaggetggetgecagacttacaagtgggaaaccacctga
ccagegagetgecgecaatggagtecgecaacagggecgtgaageccaccggeagegetge
aatcggettgtegatggecggetegteggeaatgatettggecgectaccacceccagea
gttcatctacgecggetegetgteggeaectgetggaceectetcaggggatggggectag
cctgateggectegegatgggtgacgecggeggttacaaggecgecagacatgtggggtee
ctegagtgacceggeatgggagegcaacgacectacgcagecagatecccaagetggtege
aaacaacacccggctatgggatattgegggaacggcaccccgaacgagagggeggtgeca
acatacccgecgagttecaggagaacttegttegtagecagcaacctgaagttecaggatge
gtacaacgcegegggegggcacaacgecgtgacaacttecegeccaacggeacgeacage
tgggagtactggggegetecagetcaacgecatgaagggtgacctgecagagttegttagge
gccggcetga (SEQ ID NO: 3)
MTDVSRKIRAWGRRLMIGTAAAVVLPGLVGLAGGAATAGAFSRPGLPVEYLQVPSPSMGR
DIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWYYQSGLSIVMPVGGQSSFYS
DWYSPACGKAGCQTYKWETFLTSELPQWLSANRAVKPTGSAAIGLSMAGS SAMILAAYHP
QOQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPS SDPAWERNDPTQQIPKL
VANNTRLWVYCGNGTPNELGGANIPAEFLENFVRS SNLKFQDAYNAAGGHNAVFNFPPNG
THSWEYWGAQLNAMKGDLQSSLGAG (SEQ ID NO: 4)

atgcgtgetaccgagggcagtggaggcaateggaatecgagaactaagacagcacgcate
gcgatacctegecegggagaagecggegaggaacttggegt caccaacaaaggaagactt
gtggcccgactcateccggtgeaggecgeggagegactegegaageectgattgaatcag
gtgtcctgattecggetegtegtecacaaaaccttetegacgtcacegecgaaceggege
geggecgcaagegeacectgtecgatgttetcaacgaaatgegegacgageagtga
(SEQ ID NO: 5)
MRATVGLVEAIGIRELRQHASRYLARVEAGEELGVTNKGRLVARLIPVQAAERSREALIE
SGVLIPARRPQONLLDVTAEPARGRKRTLSDVLNEMRDEQ (SEQ ID NO: 6)

atgatcgecacaacccgegategtgaaggagecaccatgatcacgataggetgegettge
cgtgecggacgatactgegggtgacagecgecaateegetggtgegtgggacggategact
cgaggeggtegteatgetgetggeegtecacggtetegetgetgactateeegttegeege
cgeggecggeacegeagtecaggattecegeagecacgtctatgeccaccaggeccagac
cegecateccgeaacegegacegtgategatcacgagggggtgategacagcaacacgac
cgeccacgtecagegecgecgegeacgaagatcacegtgectgeccgatgggtegtgaacgyg
aatagaacgcageggtgaggtcaacgegaagecgggaaccaaateeggtgacegegtegyg
catttgggtcegacagtgecggtcagetggtegatgaaccageteegeeggecegtgecat
tgcggatgeggecctggecgecttgggactetggttgagegtegeegeggttgegggege
cetgetggegetecactegggegattetgatecgegttegecaacgecagaggcaacacgac
atcgacagcctgactgcacgcageggtga (SEQ ID NO: 7)

MIATTRDREGATMITFRLRLPCRTILRVFSRNPLVRGTDRLEAVVMLLAVTVSLLTIPFA
AAAGTAVQDSRSHVYAHQAQTRHPATATVIDHEGVIDSNTTATSAPPRTKITVPARWVVN
GIERSGEVNAKPGTKSGDRVGIWVDSAGQLVDEPAPPARATIADAALAALGLWLSVAAVAG
ALLALTRAILIRVRNASWQHDIDSLFCTQR (SEQ ID NO: 8)

atgaccaccgecacgegacatcatgaacgcaggtgtgacctgtgttggegaacacgagacyg
ctaaccgetgecgetcaatacatgegtgagecacgacateggegegttgecgatetgeggy
gacgacgaccggctgecacggcatgcetcacegacegegacattgtgatcaaaggectgget
gegggectagaccegaatacegecacggetggegagaggecegggacageatetactacg

14
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TABLE 1-continued

Construct

nucleotide sequence
amino acid sequence

RpfA

RpfC

RpfD

tcgatgegaacgcaagecatccaggagatgetcaacgtcatggaagaacatcaggtecgece
gtgaccggtcatctcagagcaccegcaggteggaategtcacegaagecgacategeecga
cacctgeccgageacgecattgtgecagttegtcaaggcaatetgetegeccatggeecte
gccagctag (SEQ ID NO: 9)
MTTARDIMNAGVTCVGEHETLTAAAQYMREHDIGALPICGDDDRLHGMLTDRDIVIKGLA
AGLDPNTATAGELARDSIYYVDANAS IQEMLNVMEEHQVRRVPVISEHRLVGIVTEADIA
RHLPEHAIVQFVKAICSPMALAS (SEQ ID NO: 10

atgagtggacgccaccgtaageccaccacatccaacgtcagegtegecaagategeatta
ceggegeagtacteggtggeggeggeategecatggecget caggegacegeggecaccyg
acggggaatgggatcaggtggeccgetgegagt cgggeggcaactggtegatcaacaccy
gcaacggttaccteggtggettgeagttcactcaaageacctgggecgecacatggtggeg
gcgagttegeccegtegget cagetggecagecgggageageagat tgeegteggtgage
gggtgctggecacccagggt cgeggegectggeeggtgtgeggeegegggttategaacyg
caacacccegegaagtgatecegetteggeagegatggacget ccgaggacgeggecgeg
gtcaacggcgaaccagcaccgetggeccegeegecegaecgaceaeggegecaceegtggaa
cttgcegetaacgacctgecegeacegetgggtgaaccecteceggecagetecegecgac
ceggcaccaceagecgacctggeaccacecgegeccgecgacgtegegecaccegtggaa
cttgcegtaaacgacctgecegeacegetgggtgaaccecteceggecagetecegecgac
ceggcaccaceagecgacctggeaccacecgegeccgecgacctggegecaccegegece
gcegacctggegecaccegaegecaegaecgacctggeaccaceegtggaacttgecgtaaac
gacctgecccgegecgetgggtgaaceecteceggeagetecegaecgaactggegecacee
gcegatcetggeaccegegtecgecgacctggegecaceegegecegecgacctggegeca
cecegegecegecgaactggegecaceegegecegecgacctggeaccaceegetgeggty
aacgagcaaaccgegecgggegat cageeccgecacaget ccaggeggeceggaggecage
caccgataggaactecccgageccgacceccaaccagetgacgecaccgecgeceggegac
gtcaccgaggcegeccgecgaaacgecccaagtetegaacategectatacgaagaagetg
tggcaggegattegggeccaggacgtetgeggcaacgatgegetggactegetegeacag
ccgtacgtcatceggetga (SEQ ID NO: 11)
MSGRHRKPTTSNVSVAKIAFTGAVLGGGGIAMAAQATAATDGEWDQVARCESGGNWSINT
GNGYLGGLQFTQS TWAAHGGGEFAPSAQLASREQQIAVGERVLATQGRGAWPVCGRGLSN
ATPREVLPASAAMDAPLDAAAVNGEPAPLAPPPADPAPPVELAANDLPAPLGEPLPAAPA
DPAPPADLAPPAPADVAPPVELAVNDLPAPLGEPLPAAPADPAPPADLAPPAPADLAPPA
PADLAPPAPADLAPPVELAVNDLPAPLGEPLPAAPAELAPPADLAPASADLAPPAPADLA
PPAPAELAPPAPADLAPPAAVNEQTAPGDQPATAPGGPVGLATDLELPEPDPQPADAPPP
GDVTEAPAETPQVSNIAYTKKLWQAIRAQDVCGNDALDSLAQPYVIG

(SEQ ID NO: 12)

gtgcatcattgccggccgaccacggccggtegeggtgcaatagacacccgatctecaccac
tctectectaatecggtaacgetteggecactteecggegatatgtecgagcatgacaagaateg
ccaagccgctcecatcaagtecgecatggecgcaggactegtcacggcatecatgtegetet
ccaccgecgttgeccacgecggteccageccgaactgggacgecgtcgegcagtgegaat
ccgggggcaactgggeggecaacaccggaaacggcaaatacggcecggactgcagttcaage
cggccacctgggcecgecatteggeggtgteggcaacccagcagetgectetecgggaacaac
aaatcgcagagccaatcgggactcegceccgaacagggattggacgegtggecgacgtgegge
gccgectetggecaccgategcactgtggtcgaaaccegcgcagggcatcaagcaaatca
tcaacgagatcatttgggcaggcattcaggcaagtattceccegegetga

(SEQ ID NO: 13)

VHPLPADHGRSRCNRHPISPLSLIGNASATSGDMS SMTRIAKPLIKSAMAAGLVTASMSL
STAVAHAGP SPNWDAVAQCESGGNWAAN TGNGKYGGLQF KPATWAAFGGVGNPAAASREQ
QIAVANRVLAEQGLDAWPTCGAASGLPIALWSKPAQGIKQI INEIIWAGIQASIPR
(SEQ ID NO: 14)

atgacaccgggatgcttactactgegggtgetggecgaccacgtgacaggtgegecagga
tcgtatgcacggtgacatcgaaaccgccgagtegegaccatgatgtegegttgagggtet
gtccaccatcagctecgaaagcecgacgacatcecgattgggacgecategegcaatgegaate
cggeggeaattgggceggecaacacceggtaacgggttatacggtggtetgcagatcageca
ggcgacgtgggattcecaacggtggtgtegggtegecggeggecgegagtecccagcaaca
gatcgaggtegcagacaacattatgaaaacccaaggceccegggtgegtggecgaaatgtag
acttgtagtcagggagacgcaccgetgggetegetecacccacatectgacgacctegegy
ccgagactggaggttgtteggggagcagggacgattga (SEQ ID NO: 15
MTPGLLTTAGAGRPRDRCARIVCTVFIETAVVATMFVALLGLSTISSKADDIDWDAIAQC
ESGGNWAANTGNGLYGGLQISQATWDSNGGVGSPAAASPQQQI EVADNIMKTQGPGAWPK
CSSCSQGDAPLGSLTHILTFLAAETGGCSGSRDD (SEQ ID NO: 16)

16
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TABLE 1-continued

18

nucleotide sequence

Construct amino acid sequence

ESAT-6

atgacagagcagcagtggaatttegegggtategaggecgeggcaagegcaatecaggga

aatgtcacgtecatteattecctecttgacgaggggaagcagtecctgaccaagetegea
geggectggggeggtageggtteggaggegtaccagggtgt ccagecaaaaatgggacgec
acggctaccgagetgaacaacgegetgecagaacctggegeggacgatcagegaagecggt
caggcaatggettegaccgaaggcaacgtecactgggatgacgeatag

(SEQ ID NO: 17)

MTEQOWNFAGIEAAASATIQGNVTSIHSLLDEGKQSLTKLAAAWGGSGSEAYQGVQQKWDA

TATELNNALQNLARTISEAGQAMASTEGNVTGMFA

(SEQ ID NO:

18)

All sequences shown in Table 1 are derived from HCMV.

In some embodiments, the fusion protein comprises
Ag85A, Ag85B, and Rv3407 antigens. In some embodi-
ments, the fusion protein comprises Rv1733 and Rv2626¢
antigens. In some embodiments, the fusion protein com-
prises RpfA, RpfC, and Rpm antigens. In some embodi-
ments, the fusion protein comprises Ag85B and ESAT6
antigens. In some embodiments, the fusion protein com-
prises Ag85A, ESAT6, Rv3407, Rv2626¢c, RpfA, and Rpm
antigens.

In any of the embodiments of fusion proteins set forth
herein, the individual Mtb antigens can be present in any
order. For example, for a fusion protein comprising Ag85A,
Ag85B, and Rv3407 antigens, the first (or N-terminal)
antigen may be Ag85A, Ag85B, or Rv3407; the second
antigen may be Ag85A, Ag85B, or Rv3407 (whichever one
is not the first Mtb antigen); and the third antigen may be
Ag85A, Ag85B, or Rv3407 (whichever one is not the first or
second Mtb antigen). Likewise for every fusion protein
disclosed herein.

Individual Mtb antigens may be linked together in a
C-terminus to N-terminus or N-terminus to C-terminus
manner without any linker. Alternately, a linker may be
present between any two Mtb antigens within any of the
fusion proteins disclosed herein. In some embodiments, the
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linker is a segment of DNA optionally containing one or
more restrictions sites, wherein the linker is inserted
between nucleic acid molecules encoding two Mtb antigens
of any of the fusion proteins disclosed herein.

In some embodiments, the fusion protein comprises
AgB85A-Ag85B-Rv3407 (Construct A; see Table 2). The
nucleotide sequence is SEQ ID NO:19, and the correspond-
ing amino acid sequence is SEQ 1D NO:20.

In some embodiments, the fusion protein comprises
Rv1733-Rv2626¢ (Construct B; see Table 2). The nucleotide
sequence is SEQ ID NO:21, and the corresponding amino
acid sequence is SEQ ID NO:22.

In some embodiments, the fusion protein comprises
RpfA-RpfC-RpfD (Construct C; see Table 2). The nucleo-
tide sequence is SEQ ID NO:23, and the corresponding
amino acid sequence is SEQ 1D NO:24.

In some embodiments, the fusion protein comprises
Ag85B-ESAT6 (Construct D; see Table 2). The nucleotide
sequence is SEQ ID NO:25, and the corresponding amino
acid sequence is SEQ ID NO:26.

In some embodiments, the fusion protein comprises
Ag85A-ESAT6-Rv3407-Rv2626¢-RpfA-RpfD  (Construct
E; see Table 2). The nucleotide sequence is SEQ 1D NO:27
or SEQ ID NO:28, and the corresponding amino acid
sequence is SEQ 1D NO:29 or SEQ ID NO:30.

TABLE 2
Construct nucleotide sequence
amino acid sequence
A atggcattacccggecgggcettgecggtggagtacctgecaggtgecgtegeegtegatgggecgtgacatea

aggtccaattccaaagtggtggtgecaactegecegeectgtacetgetegacggectgegegegeaggacyg
acttcagcggctgggacatcaacaccceggegttegagtggtacgaccagtegggectgteggtggteatge
cggtgggtggecagtcaagettetactecgactggtaccagecegectgeggecaaggecggttgecagactt
acaagtgggagaccttectgaccagegagetgeeggggtggetgeaggecaacaggeacgtcaageccaccyg
gaagcgeegtegteggtattegatggetgatateggegetgacgetggegatetatcacecccageagtteg
tctacgegggagegatgtegggectgttggacececteccaggegatgggteccacectgateggectggega
tgggtgacgctggeggctacaaggectecgacatgtggggecegaaggaggacceggegtggeagegeaacyg
accegetgttgaacgtegggaagetgategecaacaacacecgegtetgggtgtactgeggcaacggeaage
cgteggatcetgggtggcaacaacctgecggecaagacctegagggettegtgeggaccagcaacatcaagtt
ccaagacgcctacaacgecggtggeggecacaacggegtgacgactteccggacageggtacgcacagetygg
gagtactggggegegeagetcaacgetatgaagecegaccetgecaacgggcactgggtgecacgeccaacace
gggecegegecccagggegecatgacteceggeeggggetgecggt cgagtacetgeaggtgeegtegeegt
cgatgggccgegacatcaaggtteagttecagageggtgggaacaactcacctgeggatatetgetegacgyg
cctgegegeccaagacgactacaacggetgggatatcaacaceceggegttegagtggtactaccagteggyg
actgtcgatagtcatgeceggteggegggecagtecagatetacagegactggtacageceggectgeggtaag
getggetgecagacttacaagtgggaaaccacctgaccagegagetgecgcaatggagtcegecaacaggge
cgtgaagceccaccggcagegetgeaateggettgtegatggeeggetegteggecaatgatcaggeegectac
cacccccagcagtteatetacgeeggetegetgteggecctgetggaceectetecaggggatggggectage
ctgatcggectegegatgggtgacgecggeggttacaaggecgeagacatgtggggtcectecgagtgacecyg
gecatgggagegcaacgaccctacgcagcagateeccaagetggtcgecaaacaacacceggetatgggatatt
gegggaacggcaccccgaacgagagggeggtgecaacataceegecgagt teaggagaacttegttegtage
agcaacctgaagaccaggatgegtacaacgecgegggegggeacaacgecgtgacaacttecegeccaacgg
cacgcacagctgggagtactggggegetecagetcaacgecatgaagggtgacctgecagagttegttaggege
cggcatgegtgcetaccegagggettgtggaggeaateggaateegagaactaagacagecacgeategegatac
ctegeccgggagaagecggegaggaacttggegtcaccaacaaaggaagacttgtggeccgactecatecegyg
tgcaggcegeggagegttetegegaagecctgattgaatcaggtgtectgattecggetegtegtecacaaa
accactcgacgtcaccgecgaaceggegegeggecgecaagegeacectgtecgatgttetcaacgaaatgeg

cgacgagcagtga

(SEQ ID NO:

19)
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TABLE 2-continued

Construct nucleotide sequence

amino

acid sequence

MAFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGANSPALYLLDGLRAQDDFSGWD INTPAFEWYDQSGLSVVM
PVGGQSSFYSDWYQPACGKAGCQTYKWETFLTSELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQ
FVYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVYCGNG
KPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRALGATP
NTGPAPQGAFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWYYQ
SGLSIVMPVGGQSSFYSDWYSPACGKAGCQTYKWETFLTSELPQWLSANRAVKPTGSAATIGLSMAGS SAMIL
AAYHPQQFIYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGPS SDPAWERNDPTQQIPKLVANNTRL
WVYCGNGTPNELGGANI PAEFLENFVRSSNLKFQDAYNAAGGHNAVFNFPPNGTHSWEYWGAQLNAMKGDLQ
SSLGAGAAARATVGLVEAIGIRELRQHASRYLARVEAGEELGVTNKGRLVARLIPVQAAERSREALIESGVL
IPARRPQNLLDVTAEPARGRKRTLSDVLNEMRDEQ (SEQ ID NO: 20)

atgaccaccgcacgcgacatcatgaacgcaggtgtgacctgtgaggegaacacgagacgctaaccgetgecg
ctcaatacatgegtgagcacgacatceggegegttgecgatetgeggggacgacgaccggetgecacggeatge
tcaccgaccgegacattgtgatcaaaggectggctgegggectagaccegaatacegecacggetggegaga
ggcccgggacagcatctactacgtcgatgegaacgcaageatcecaggagatgetcaacgtcatggaagaaca
tcaggteccegecgtgaceggtcatetcagagecaccgeaggteggaategtecaccgaagecgacatcegeccgac
acctgeccgagecacgcecattgtgeagttegtcaaggecaatcetgetegeecatggecctegecageatgateg
ccacaacccgegatcegtgaaggagecaccatgatcacgataggetgegettgeegtgecggacgatactgeg
ggtgacagccegcaatccgetggtgegtgggacggategactegaggeggtegteatgetgetggeegtcacy
gtectegetgetgactatcecegttegecgecgeggecggcacegcagtecaggattecegeagecacgtetat
gcecaccaggeccagacccegecatcecgecaaccgegacegtgategat cacgagggggtgategacagcaac
acgaccgcecacgtcagegecgecgegcacgaagatcacegtgectgecegatgggt cgtgaacggaatagaa
cgcageggtgaggtcaacgcgaagecgggaaccaaateeggtgacegegteggeatttgggtegacagtgee
ggtcagetggtcegatgaaccagetcecgecggecegtgecattgeggatgeggecctggeegecttgggacte
tggttgagegtegecgeggttgegggegeectgetggegeteactegggegattetgatecgegttegecaac
gccagaggcaacacgacatcgacagcectgactgcacgcageggtga (SEQ ID NO: 21)
MTTARDIMNAGVTCVGEHETLTAAAQYMREHDIGALPICGDDDRLHGMLTDRDIVIKGLAAGLDPNTATAGE
LARDSIYYVDANASIQEMLNVMEEHQVRRVPVISEHRLVGIVTEADIARHLPEHAIVQFVKAI CSPMALASM
IATTRDREGATMI TFRLRLPCRTILRVFSRNPLVRGTDRLEAVVMLLAVTVSLLTIPFAAAAGTAVQDSRSH
VYAHQAQTRHPATATVIDHEGVIDSNTTATSAPPRTKITVPARWVVNGIERSGEVNAKPGTKSGDRVGIWVD
SAGQLVDEPAPPARAIADAALAALGLWLSVAAVAGALLALTRAILIRVRNASWQHDIDSLECTQR

(SEQ ID NO: 22)

atggcgtcagggaggcatcggaaaccaactacaagcaatgtatctgagecaagattgattcaccggegeagt
tcttggaggtggeggaattgccatggctgeccaggecaacagecgctacagatggagagtgggatcaggtgge
tcgatgtgagtetggtggcaactggtctatcaacactgggaacgggtatcaggeggettgecaatttactcag
agcacttgggctygcccacggagggggtgaatttgetectagegegeagetggectecegegagcageagate
getgtgggagagagggtgaggecacacagggaagaggtgectggectgtetgtggecgeggactecagtaatyg
ctaccectagggaggtgetgecegectcagecgetatggacgetecactggatgetgecgeegtgaatggeg
agccagetcecegetggeacceccacctgcagaceccgeteccecagtegagetggeggcaaacgacctgeceg
caccteteggagaaccacttectgecagegectgecgatecagetecacctgetgataggetecceeegetee
cgccgatgtageccctecggtegagaggetgtgaatgacctgecggeacctetgggegagececteccagee
gctecggecgaccectygeccectectgetgatetggeaccaceegetectgecgacctegecccaceegeceeca
gcagacctggetccaccagegectgeggatettgeceegectgagagetggetgtcaacgatettectgege
ctcaggagagceccectgeccgetgetecagecgaactegecaccaceggcagatetggetecegectetgecga
tcttgeaccteccgcaceggeggacttggeacctecageaccagcagaactggeteccectgegeeggetga
cectggeccctecageagecgttaatgagcaaaccgeaccaggggaccagecggetacggeaccaggtggace
ggtggggctyggccaccgacctggagetgectgagecggatecccaaccagetgatgetececccacctggega
cgtaactgaggccccagetgaaacgecccaggtcagtaacategettacacaaagaaactgtggcaggcaat
tagggctcaggacgtgtgtgggaacgacgecctggacagcaggceccaaccegtacgtgateggtatgecaccee
cteceegetgatecatggtegecagtegetgtaaccgecaccecatttecacetetecagecttaagggaatgegt
ctgctacaagtggcgacatgtctagtatgacaaggattgctaageccecteatcaaaagtgegatggetgeeg
gtctggtaacagcatccatgagettgtecacegeagtggetcacgetgggecaccecgaactgggatgeegt
cgcccagtgegagtcaggeggcaattgggecgcaaataccggtaacggtaagtatggaggactgcagataaa
cctgeaacttgggecgectaggaggagtgggtaatectgcagetgatetagagaacagcagattgeegtgge
taaccgegttetegeggagcagggtetggacgectggecgacetgtggegecgeatcaggatgecgategeg
agtggtcaaagcccgeccagggaatcaagecagattatcaatgagatcatetgggecggaatacaggcaagca
tcectagaatgactectgggcactgacaaccgetggegetgggaggeccagggataggtgegececggategt
agtaccgtattcatagagaccgecgtggtegegacaatgacgtggetceteagggecagagecaccattagetet
aaggccgatgatatagattgggatgctattgectcaatgegaatceeggtgggaactgggecgetaatacegga
aatgggctctacggceggactgcagatcagecaggctacatgggatagcaacggaggagtegggtecectgee
gctgcatcececgcaacagcaaatcgaggtggecgataacatcatgaaaacccagggacceggagectggeee
aaatgtagctcatgtagceccaaggagatgegececteggacactgacgcacatectecaccacctegecgegga
aaccggagggtgctcetggcagecegggacgactga (SEQ ID NO: 23)
MSGRHRKPTTSNVSVAKIAFTGAVLGGGGIAMAAQATAATDGEWDQVARCESGGNWSINTGNGYLGGLQFTQ
STWAAHGGGEFAPSAQLASREQQIAVGERVLATQGRGAWPVCGRGLSNATPREVLPASAAMDAPLDAAAVNG
EPAPLAPPPADPAPPVELAANDLPAPLGEPLPAAPADPAPPADLAPPAPADVAPPVELAVNDLPAPLGEPLP
AAPADPAPPADLAPPAPADLAPPAPADLAPPAPADLAPPVELAVNDLPAPLGEPLPAAPAELAPPADLAPAS
ADLAPPAPADLAPPAPAELAPPAPADLAPPAAVNEQTAPGDQPATAPGGPVGLATDLELPEPDPQPADAPPP
GDVTEAPAETPQVSNIAYTKKLWQAIRAQDVCGNDALDSLAQPYVIGVHPLPADHGRSRCNRHPISPLSLIG
NASATSGDMSSMTRIAKPLIKSAMAAGLVTASMSLSTAVAHAGPSPNWDAVAQCESGGNWAANTGNGKYGGL
QFKPATWAAFGGVGNPAAASREQQIAVANRVLAEQGLDAWPTCGAASGLPIALWSKPAQGIKQIINEIIWAG
IQASIPRMTPGLLTTAGAGRPRDRCARIVCTVFIETAVVATMFVALLGLSTISSKADDIDWDAIAQCESGGN
WAANTGNGLYGGLQISQATWDSNGGVGSPAAASPQQOQIEVADNIMKTQGPGAWPKCSSCSQGDAPLGSLTHI
LTFLAAETGGCSGSRDD (SEQ ID NO: 24)
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TABLE 2-continued

Construct nucleotide sequence

amino

acid sequence

D

atgtteteceggecggggetgecggtegagtacetgeaggtgecgtecgeegtcgatgggecgegacatcaag
gttcagttccagageggtgggaacaactcacctgeggtttatetgetegacggectgegegeccaagacgac
tacaacggctgggatatcaacaccecggegttegagtggtactaccagtegggactgtegatagtecatgeeyg
gteggegggcagtecagettetacagegactggtacageceggectgeggtaaggetggetgecagacttac
aagtgggaaaccttectgaccagegagetgecgcaatggttgtecgecaacagggecgtgaageccacegge
agcgctgeaateggettgtegatggeeggetegteggecaatgatettggecgectaccacceccagecagtte
atctacgeeggetegetgteggecctgetggaceectctcaggggatggggectagectgateggectegeyg
atgggtgacgecggeggttacaaggecgecagacatgtggggtecctcgagtgacceggcatgggagegcaac
gaccctacgcagcagatcecccaagetggtegeaaacaacaceeggetatgggtttattgegggaacggeace
ccgaacgagttgggeggtgecaacatacecgecgagttettggagaacttegttegtagecagcaacctgaag
ttccaggatgegtacaacgecgegggegggeacaacgecgtgttcaactteccgeccaacggcacgcacage
tgggagtactggggegetecagetcaacgecatgaagggtgacctgcagagttegttaggegeeggeatgaca
gagcagcagtggaatttegegggtatcgaggecgeggeaagegecaatecagggaaatgtcacgtecatteat
tcectecttgacgaggggaageagteectgaccaagetegeageggectggggeggtageggt teggaggeg
taccagggtgtccagcaaaaatgggacgecacggcetaccgagetgaacaacgegetgeagaacctggegegy
acgatcagegaagecggtecaggecaatggettegaccgaaggcaacgtcactgggatgttegeatag

(SEQ ID NO: 25)
MFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGNNSPAVYLLDGLRAQDDYNGWDINTPAFEWYYQSGLSIVMP
VGGQSSFYSDWYSPACGKAGCQTYKWETFLTSELPQWLSANRAVKPTGSAAIGLSMAGS SAMI LAAYHPQQF
IYAGSLSALLDPSQGMGPSLIGLAMGDAGGYKAADMWGP SSDPAWERNDP TQQI PKLVANNTRLWVY CGNGT
PNELGGANIPAEFLENFVRSSNLKFQDAYNAAGGHNAVENFPPNGTHSWEYWGAQLNAMKGDLQS SLGAGMT
EQOWNFAGIEAAASATIQGNVTSIHSLLDEGKQSLTKLAAAWGGSGS EAYQGVQQKWDATATELNNALQNLAR
TISEAGQAMASTEGNVTGMFA (SEQ ID NO: 26)

atggcgttecageagacceggectgecegtggagtacetgecaggtgeccagecccageatgggeegggacate
aaagtgcagttccagageggeggagecaacagecctgecctgtacetgetggacggectgegggeccaggac
gacttcagcggctgggacatcaacaccccegecacgagtggtacgaccagageggectgagegtggtgatge
cegtgggeggecagageagatctacagegactggtatcagecegectgeggcaaggeeggetgecagaccta
caagtgggagaccacctgaccagegagetgeceggetggetgeaggecaaceggcacgtgaageccacegge
agcgeegtggtgggectgageatggecgecagecagegecctgacectggecatetaccacceccageagtte
gtgtacgccggagecatgageggectgetggaceccagecaggecatgggecccacectgateggectggee
atgggcgacgecggaggctacaaggecagegacatgtggggecccaaggaggaccecgectggeageggaac
gacccectgetgaacgtgggcaagetgategecaacaacaceegegtgtgggtgtactgeggcaacggeaag
cccagegacctgggeggeaacaacctgeccgecaagacctggagggettegtgeggaccageaacatcaagt
tccaggacgectacaacgecggaggeggecacaacggegtgacgactteecegacageggcacccacagety
ggagtactggggagcccagetgaacgecatgaageccgacctgeagegggecctgggegecacceccaacac
cggeectgecceccagggegetacegageageagtggaact tegecggeategaagetgecgegagegecat
ccaaggcaacgtgaccageatcecacagectgetggacgagggcaagcagagectgaccaagetggetgetge
ttggggeggatccggaagegaagectaccagggegtgcagecagaagtgggacgecacagecaccegagetgaa
caacgcectgecagaacctegecagaaccatcagegaggecggacaggcetatggecagcacagagggcaatgt
gaccggcatgacgecagggecacagtgggectggtggaggecattggeat cagggagetgaggecageacgee
agcaggtacctggecagagtggaggetggagaggagetgggegtgaccaacaagggcaggcetggtggecaga
ctgatcecegtgeaggetgecgagaggagecagagaggecctgategagageggegtgetgateectgecaga
aggcctecagaacctgetggacgtgacegetgagectgecagaggcaggaagaggaccctgagegacgtgetyg
aacgagatgagggacgagcagacaacagccagggacatcatgaacgecggegtgacctgegtgggagageat
gaaaccctcaccgecgecgeccaatacatgagggagecacgacateggegeectgeccatctgtggagacgac
gacaggctgcacggcatgctgaccegacagggacategtgatcaagggectggetgeeggectegatectaac
accgctacagecggegagetggecagagacageatctactacgtggacgecaacgecageatecaggagatyg
ctcaacgtgatggaggagcaccaggtgagaagggtgectgtgatcagegagecacaggetggtgggeategty
accgaggecgatategetaggeacctgeccgageacgecategtgeagttegtgaaggecatetgeagecce
atggctetggecagetecagggaggecateggaaaccaactacaagcaatgtatctgagecaagattgattecac
cggegeagttettggaggtggeggaattgecatggetgeccaggcaacagecgetacagatggagagtggga
tcaggtggetegatgtgagtetggtggecaactggtetatcaacactgggaacgggtatcaggeggettgeaa
tttactcagagcacttgggetgeccacggagggggtgaatttgetectagegegecagetggectecegegag
cagcagatecgetgtgggagagagggtgttggecacacagggaagaggtgectggectgtetgtggecgegga
ctcagtaatgectaccectagggaggtgetgecegectcagecgetatggacgeteccactggatgetgecgee
gtgaatggcgagccageteegetggecacceccacctgeagacececgetececcagtegagetggeggeaaac
gacctgcccgecaccteteggagaaccacttectgeagegectgecgatecagetecacctgetgataggete
ccecccgetecegecgatgtagecectecggtegagaggetgtgaatgacetgeeggcacctetgggegagec
ccteccagecgetecggecgacectgecectectgetgatetggeaccaccegetectgecgacctegecee
accegecccageagacctggetecaccagegectgeggatettgeccegectgagagetggetgtcaacgat
cacctgegectettggagagecectgecegetgetccagecgaactcgeaccaccggeagatetggeteceyg
cectetgecgatettgeacctecegeaceggeggacttggecacctecageaccagecagaactggetecececty
cgeeggetgacctggecectecageagecgttaatgagcaaacegeaccaggggaccagecggetacggeac
caggtggaccggtggggetggecaccgacctggagetgectgagecggatceccaaccagetgatgetecee
cacctggegacgtaactgaggecccagetgaaacgecccaggtcagtaacategettacacaaagaaactgt
ggcaggcaattagggctcaggacgtgtgtgggaacgacgecctggacagecaggeccaacegtacgtgategg
taccceeggactectcaccacagetggagetggecaggeccagagacagatgegecaggategtgtgeacegt
gacatcgagaccgecgtggtggetaccatgacgtggecctgetgggectgageaccatcagecagecaaggecyg
acgacatcgactgggacgecategeccagtgtgaatecggeggaaactgggecgecaataceggcaatggee
tgtacggeggectgecagatcagecaggetacctgggactccaacggaggagtgggaagecctgeegetgett
ccectecageageagategaggtggecgacaacatcatgaagacccaaggecctggegectggectaagtgtt
ccagetgtagecagggegatgetectetgggeagectgacccacatectgacctttetegecgecgagacag
gcggatgtageggaagcagggacgac (SEQ ID NO: 27)

gctagecaccatggegtteagecagaceeggectgecegtggagtacctgeaggtgeccagecccageatggge
cgggacatcaaagtgcagaccagageggeggagecaacagecctgecctgtacetgetggacggectgeggy
cccaggacgactteageggetgggacatcaacacecccgecacgagtggtacgaccagageggectgagegt
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TABLE 2-continued

Construct nucleotide sequence

amino

acid sequence

ggtgatgccegtgggeggecagagcagatcetacagegactggtatcagecegectgeggcaaggeeggetge
cagacctacaagtgggagaccttectgaccagegagetgeceggetggetgeaggecaaceggcacgtgaag
cccaccggeagegecgtggtgggectgageatggecgecageagegecctgacectggecatetaccaceee
cagcagttegtgtacgecggagecatgageggectgetggaceccagecaggecatgggecccacectgate
ggcctggecatgggegacgecggaggctacaaggecagegacatgtggggecccaaggaggaccecgectygyg
cagcggaacgacccectgetgaacgtgggecaagetgategecaacaacaccegegtgtgggtgtactgegge
aacggcaagcccagegacctgggeggecaacaacctgeccgecaagttectggagggettegtgeggaccage
aacatcaagttccaggacgectacaacgecggaggeggecacaacggegtgacgactteccegacageggea
cccacagetgggagtactggggageccagetgaacgecatgaageccgacctgeagegggecctgggegeca
cceccaacaccggecctgececcccagggegetacegagecagecagtggaacttegeeggeat cgaagetgeeyg
cgagegecatecaaggcaacgtgaccageatecacagectgetggacgagggcaagcagagectgaccaage
tggctgetgeaggggeggat ccggaagegaagectaccagggegtgcagecagaagtgggacgecacagecac
cgagctgaacaacgecctgecagaacctegecagaaccat cagegaggecggacaggctatggecageacaga
gggcaatgtgaccggcatgacgccagggecacagtgggectggtggaggecattggeat cagggagetgagyg
cagcacgecagcaggtacctggecagagtggaggetggagaggagetgggegtgaccaacaagggcaggety
gtggccagactgatcccegtgeaggetgecgagaggageagagaggecctgategagageggegtgetgate
cctgecagaaggectcagaacctgetggacgtgacegetgagectgecagaggcaggaagaggaccectgage
gacgtgctgaacgagatgagggacgagcagacaacagecagggacatcatgaacgeeggegtgacctgegty
ggagagcatgaaaccctcaccgecgecgeccaatacatgagggagecacgacateggegecctgeccatetgt
ggagacgacgacaggctgcacggcatgetgaccgacagggacategtgatcaagggectggetgeeggecte
gatcctaacaccgctacagecggegagetggecagagacageatetactacgtggacgecaacgecageate
caggagatgctcaacgtgatggaggagcaccaggtgagaagggtgectgtgatcagegagcacaggcetggty
ggcatcgtgaccgaggcecgatategetaggecacctgeccgageacgecategtgeagttegtgaaggecate
tgcageeccatggetetggecagetcagggaggcateggaaaccaactacaagcaatgtatetgagecaaga
ttgattcaccggegecagttcaggaggtggeggaattgecatggetgeccaggcaacagecgetacagatgga
gagtgggatcaggtggctegatgtgagtctggtggeaactggtetatcaacactgggaacgggtatcaggeyg
gcettgcaatttactcagagcacttgggetgeccacggagggggtgaatttgetectagegegeagetggect
cecegegageageagategetgtgggagagagggtgttggecacacagggaagaggtgectggectgtetgty
gcegeggactcagtaatgetaccectagggaggtgetgecegectecagecgetatggacgetecactggatyg
ctgecegecgtgaatggegagecagetecgetggeacceccacctgeagaccecgeteecccagtegagetygy
cggcaaacgacctgeccgeaccteteggagaaccacttectgeagegectgecgateccagetecacctgety
ataggcteccccegetecegecgatgtagecectecggt cgagaggetgtgaatgacetgeeggecacctety
ggcgagccccteccagecgetecggaecgacectgecectectgetgatetggecaccaceegetectgecgac
ctegececaccegecccageagacctggetecaccagegectgeggatettgeccegectgagagetggety
tcaacgatcttectgegectettggagagecectgecegetgetecagecgaactegeaccaceggcagate
tggctecegectetgecgatettgecacctececgecaceggeggacttggecacetecagecaccagecagaactygyg
ctececectgegecggetgacctggecectecagecagecgttaatgagcaaaccgcaccaggggaccageegyg
ctacggecaccaggtggaceggtggggetggecacegacctggagetgectgagecggatecccaaccagety
atgcteeccccacctggegacgtaactgaggecccagetgaaacgecccaggtcagtaacategettacacaa
agaaactgtggcaggcaattagggcetcaggacgtgtgtgggaacgacgecctggacagcaggeccaaccegta
cgtgateggtacccceggactectcaccacagetggagetggeaggeccagagacagatgegecaggategt
gtgcaccgtgacatcgagaccgeegtggtggetaccatgacgtggeecctgetgggectgageaccatcagea
gcaaggccgacgacatcgactgggacgecategeccagtgtgaateeggeggaaactgggecgecaataceg
gcaatggcectgtacggeggectgeagat cagecaggetacctgggactccaacggaggagtgggaageecty
cegetgettecectecageagecagategaggtggecgacaacatcatgaagacccaaggecctggegectgge
ctaagtgaccagetgtagecagggegatgetectetgggecagectgacccacatectgacctactegecgee
gagacaggcggatgtagceggaagcagggacgactaccectacgacgtgecegactacgecgattagtetaga
(SEQ ID NO: 28)
MAFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGANSPALYLLDGLRAQDDFSGWD INTPAFEWYDQSGLSVVM
PVGGQSSFYSDWYQPACGKAGCQTYKWETFLTSELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQ
FVYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVYCGNG
KPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRALGATP
NTGPAPQGATEQQWNFAGIEAAASATQGNVTSIHSLLDEGKQSLTKLAAAWGGSGSEAYQGVQQKWDATATE
LNNALONLARTISEAGQAMASTEGNV TGMFARATVGLVEAIGIRELRQHASRYLARVEAGEELGV TNKGRLV
ARLIPVQAAERSREALIESGVLIPARRPONLLDVTAEPARGRKRTLSDVLNEMRDEQTTARDIMNAGVTCVG
EHETLTAAAQYMREHDIGALPICGDDDRLHGMLTDRDIVIKGLAAGLDPNTATAGELARDSIYYVDANASIQ
EMLNVMEEHQVRRVPVISEHRLVGIVTEADIARHLPEHAIVQFVKAICSPMALASSGRHRKPTTSNVSVAKI
AFTGAVLGGGGIAMAAQATAATDGEWDQVARCESGGNWS INTGNGY LGGLQF TQSTWAAHGGGEFAPSAQLA
SREQQIAVGERVLATQGRGAWPVCGRGLSNATPREVLPASAAMDAPLDAAAVNGEPAPLAPPPADPAPPVEL
AANDLPAPLGEPLPAAPADPAPPADLAPPAPADVAPPVELAVNDLPAPLGEPLPAAPADPAPPADLAPPAPA
DLAPPAPADLAPPAPADLAPPVELAVNDLPAPLGEPLPAAPAELAPPADLAPASADLAPPAPADLAPPAPAE
LAPPAPADLAPPAAVNEQTAPGDQPATAPGGPVGLATDLELPEPDPQPADAPPPGDVTEAPAETPQVSNIAY
TKKLWQAIRAQDVCGNDALDSLAQPYVIGTPGLLTTAGAGRPRDRCARIVCTVFIETAVVATMFVALLGLST
ISSKADDIDWDAIAQCESGGNWAANTGNGLYGGLQISQATWDSNGGVGSPAAASPQQQIEVADNIMKTQGPG
AWPKCSSCSQGDAPLGSLTHILTFLAAETGGCSGSRDD (SEQ ID NO: 29)
MAFSRPGLPVEYLQVPSPSMGRDIKVQFQSGGANSPALYLLDGLRAQDDFSGWD INTPAFEWYDQSGLSVVM
PVGGQSSFYSDWYQPACGKAGCQTYKWETFLTSELPGWLQANRHVKPTGSAVVGLSMAASSALTLAIYHPQQ
FVYAGAMSGLLDPSQAMGPTLIGLAMGDAGGYKASDMWGPKEDPAWQRNDPLLNVGKLIANNTRVWVYCGNG
KPSDLGGNNLPAKFLEGFVRTSNIKFQDAYNAGGGHNGVFDFPDSGTHSWEYWGAQLNAMKPDLQRALGATP
NTGPAPQGATEQQWNFAGIEAAASATQGNVTSIHSLLDEGKQSLTKLAAAWGGSGSEAYQGVQQKWDATATE
LNNALONLARTISEAGQAMASTEGNV TGMFARATVGLVEAIGIRELRQHASRYLARVEAGEELGV TNKGRLV
ARLIPVQAAERSREALIESGVLIPARRPONLLDVTAEPARGRKRTLSDVLNEMRDEQTTARDIMNAGVTCVG
EHETLTAAAQYMREHDIGALPICGDDDRLHGMLTDRDIVIKGLAAGLDPNTATAGELARDSIYYVDANASIQ
EMLNVMEEHQVRRVPVISEHRLVGIVTEADIARHLPEHAIVQFVKAICSPMALASSGRHRKPTTSNVSVAKI
AFTGAVLGGGGIAMAAQATAATDGEWDQVARCESGGNWS INTGNGY LGGLQF TQSTWAAHGGGEFAPSAQLA
SREQQIAVGERVLATQGRGAWPVCGRGLSNATPREVLPASAAMDAPLDAAAVNGEPAPLAPPPADPAPPVEL
AANDLPAPLGEPLPAAPADPAPPADLAPPAPADVAPPVELAVNDLPAPLGEPLPAAPADPAPPADLAPPAPA
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Construct nucleotide sequence
amino acid sequence

DLAPPAPADLAPPAPADLAPPVELAVNDLPAPLGEPLPAAPAELAPPADLAPASADLAPPAPADLAPPAPAE
LAPPAPADLAPPAAVNEQTAPGDQPATAPGGPVGLATDLELPEPDPQPADAPPPGDVTEAPAETPQVSNIAY
TKKLWQAIRAQDVCGNDALDSLAQPYVIGTPGLLTTAGAGRPRDRCARIVCTVFIETAVVATMFVALLGLST
ISSKADDIDWDAIAQCESGGNWAANTGNGLYGGLQISQATWDSNGGVGSPAAASPQQQIEVADNIMKTQGPG

AWPKCSSCSQGDAPLGSLTHILTFLAAETGGCSGSRDDYPYDVPDYAD

(SEQ ID NO: 30)

Any Mtb antigen, including any Mtb antigen within any
of the fusion proteins described herein, can have an amino
acid sequence that is 100%, or from 70% to 99.9%, identical
to the particular amino acid sequence listed in Tables 1 and
2. The amino acid sequence of any individual Mtb antigen,
including any Mtb antigen within any of the fusion proteins
described herein, can be at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 96%,
at least 97%, at least 98%, or at least 99% identical to the
particular amino acid sequence listed in Tables 1 and 2.
Identity or similarity with respect to an amino acid or
nucleotide sequence is defined herein as the percentage of
amino acid residues (or nucleotide residues as the case may
be) in the particular Mtb antigen that are identical (i.e., same
residue) with the amino acid or nucleotide sequence for the
Mtb antigen shown in Tables 1 and 2, after aligning the
sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity. Percent sequence iden-
tity can be determined by, for example, the Gap program
(Wisconsin Sequence Analysis Package, Version 8 for Unix,
Genetics Computer Group, University Research Park, Madi-
son Wis.), using default settings, which uses the algorithm of
Smith and Waterman (Adv. Appl. Math., 1981, 2, 482-489).
Any amino acid number calculated as a % identity can be
rounded up or down, as the case may be, to the closest whole
number.

Optimal alignment of sequences for comparison can also
be conducted using the Megalign program in the Lasergene
suite of bioinformatics software (DNASTAR, Inc., Madison,
Wis.), using default parameters. This program embodies
several alignment schemes described in the following ref-
erences: Dayhoff, M. O. (1978) A model of evolutionary
change in proteins—Matrices for detecting distant relation-
ships. In Dayhoff, M. O. (ed.) Atlas of Protein Sequence and
Structure, National Biomedical Research Foundation, Wash-
ington D.C. Vol. 5, Suppl. 3, pp. 345-358; Hein J. (1990)
Unified Approach to Alignment and Phylogenes pp. 626-645
Methods in Enzymology vol. 183, Academic Press, Inc., San
Diego, Calif.; Higgins, D. G. and Sharp, P. M. (1989)
CABIOS 5:151-153; Myers, E. W. and Muller W. (1988)
CABIOS 4:11-17; Robinson, E. D. (1971) Comb. Theor
11:105; Santou, N. Nes, M. (1987) Mol. Biol. Evol. 4:406-
425; Sneath, P. H. A. and Sokal, R. R. (1973) Numerical
Taxonomy—the Principles and Practice of Numerical Tax-
onomy, Freeman Press, San Francisco, Calif.; Wilbur, W. J.
and Lipman, D. J. (1983) Proc. Natl. Acad., Sci. USA
80:726-730.

Alternately, optimal alignment of sequences for compari-
son may be conducted by the local identity algorithm of
Smith and Waterman (1981) Add. APL. Math 2:482, by the
identity alignment algorithm of Needleman and Wunsch
(1970) J. Mol. Biol. 48:443, by the search for similarity
methods of Pearson and Lipman (1988) Proc. Natl. Acad.
Sci. USA 85: 2444, by computerized implementations of
these algorithms (GAP, BESTFIT, BLAST, FASTA, and

40

45

50

TFASTA in the Wisconsin Genetics Software Package,
Genetics Computer Group (GCG), 575 Science Dr., Madi-
son, Wis.), or by inspection.

Suitable examples of algorithms for determining percent
sequence identity and sequence similarity are the BLAST
and BLAST 2.0 algorithms, which are described in Altschul
et al. (1977) Nucl. Acids Res. 25:3389-3402 and Altschul et
al. (1990) J. Mol. Biol. 215:403-410, respectively. BLAST
and BLAST 2.0 can be used, for example with the param-
eters described herein, to determine percent sequence iden-
tity for the polynucleotides and polypeptides of the inven-
tion. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology
Information. In one illustrative example, cumulative scores
can be calculated using, for nucleotide sequences, the
parameters M (reward score for a pair of matching residues;
always >0) and N (penalty score for mismatching residues;
always <0). For amino acid sequences, a scoring matrix can
be used to calculate the cumulative score. Extension of the
word hits in each direction are halted when: the cumulative
alignment score falls off by the quantity X from its maxi-
mum achieved value; the cumulative score goes to zero or
below, due to the accumulation of one or more negative-
scoring residue alignments; or the end of either sequence is
reached. The BLAST algorithm parameters W, T and X
determine the sensitivity and speed of the alignment. The
BLASTN program (for nucleotide sequences) uses as
defaults a wordlength (W) of 11, and expectation (E) of 10,
and the BLOSUMG62 scoring matrix (see Henikoff and
Henikoff' (1989) Proc. Natl. Acad. Sci. USA 89:10915)
alignments, (B) of 50, expectation (E) of 10, M=5, N=-4 and
a comparison of both strands.

In some embodiments, the “percentage of sequence iden-
tity” is determined by comparing two optimally aligned
sequences over a window of comparison of at least 20
positions, wherein the portion of the polynucleotide or
polypeptide sequence in the comparison window may com-
prise additions or deletions (i.e., gaps) of 20 percent or less,
usually 5 to 15 percent, or 10 to 12 percent, as compared to
the reference sequences (which does not comprise additions
or deletions) for optimal alignment of the two sequences.
The percentage is calculated by determining the number of
positions at which the identical nucleic acid bases or amino
acid residue occurs in both sequences to yield the number of
matched positions, dividing the number of matched posi-
tions by the total number of positions in the reference
sequence (i.e., the window size) and multiplying the results
by 100 to yield the percentage of sequence identity.

Any Mtb antigen, including any Mtb antigen within any
of the fusion proteins described herein, can be fragments of
the particular amino acid sequence listed in Table 1. The
amino acid sequence of any individual Mtb antigen, includ-
ing any Mtb antigen within any of the fusion proteins
described herein, can be missing consecutive amino acids
constituting at least 20%, at least 15%, at least 10%, at least
5%, at least 4%, at least 3%, at least 2%, or at least 1%, of
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the particular amino acid sequence listed in Table 1. The
omitted consecutive amino acids may be from the C-termi-
nus or N-terminus portion of the antigen. Alternately, the
omitted consecutive amino acids may be from the internal
portion of the antigen, thus retaining at least its C-terminus
and N-terminus amino acids of the antigen.

Any Mtb antigen, including any Mtb antigen within any
of'the fusion proteins described herein, can have one or more
amino acid additions, deletions, or substitutions compared to
the particular amino acid sequence listed in Table 1. Any
individual Mtb antigen, including any Mtb antigen within
any of the fusion proteins described herein, can have at least
one, at least two, at least three, at least four, at least five, at
least six, at least seven, at least eight, at least nine, at least
ten, at least eleven, or at least twelve amino acid additions,
deletions, or substitutions compared to the particular amino
acid sequence listed in Table 1. The amino acid additions,
deletions, or substitutions can take place at any amino acid
position within the Mtb antigen.

Where a particular Mtb antigen, including any Mtb anti-
gen within any of the fusion proteins described herein,
comprises at least one or more substitutions, the substituted
amino acid(s) can each be, independently, any naturally
occurring amino acid or any non-naturally occurring amino
acid. Thus, a particular Mtb antigen may comprise one or
more amino acid substitutions that are naturally occurring
amino acids and/or one or more amino acid substitutions that
are non-naturally occurring amino acids. Individual amino
acid substitutions are selected from any one of the follow-
ing: 1) the set of amino acids with nonpolar sidechains, for
example, Ala, Cys, Ile, Leu, Met, Phe, Pro, Val; 2) the set of
amino acids with negatively charged side chains, for
example, Asp, Glu; 3) the set of amino acids with positively
charged sidechains, for example, Arg, His, Lys; and 4) the
set of amino acids with uncharged polar sidechains, for
example, Asn, Cys, Gln, Gly, His, Met, Phe, Ser, Thr, Trp,
Tyr, to which are added Cys, Gly, Met and Phe. Substitutions
of a member of one class with another member of the same
class are contemplated herein. Naturally occurring amino
acids include, for example, alanine (Ala), arginine (Arg),
asparagine (Asn), aspartic acid (Asp), cysteine (Cys), glu-
tamine (Gln), glutamic acid (Glu), glycine (Gly), histidine
(His), isoleucine (Ile), leucine (Leu), lysine (Lys), methio-
nine (Met), phenylalanine (Phe), proline (Pro), serine (Ser),
threonine (Thr), tryptophan (Trp), tyrosine (Tyr), and valine
(Val). Non-naturally occurring amino acids include, for
example, norleucine, omithine, norvaline, homoserine, and
other amino acid residue analogues such as those described
in Ellman et al., Meth. Enzym., 1991, 202, 301-336. To
generate such non-naturally occurring amino acid residues,
the procedures of Noren et al., Science, 1989, 244, 182 and
Ellman et al., supra, can be used. Briefly, these procedures
involve chemically activating a suppressor tRNA with a
non-naturally occurring amino acid residue followed by in
vitro transcription and translation of the RNA.

The Mtb antigens, including any Mtb antigen within any
of the fusion proteins described herein, which are modified
as described herein retain their ability to elicit an immune
response against Mycobacterium tuberculosis. That is,
modification of a particular Mtb antigen, including any Mtb
antigen within any of the fusion proteins described herein,
will still allow the resultant Mtb antigen, or fusion protein
comprising the same, to elicit an immune response against
Mycobacterium tuberculosis.

The present disclosure also provides nucleic acid mol-
ecules encoding any of the fusion proteins described herein
that comprise at least three Mycobacterium tuberculosis
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(Mtb) antigens. The nucleic acid molecules described herein
and in Tables 1 and 2 are representative. The specific
sequences recited in Table 1 are simply one example of a
nucleic acid molecule that can encode a particular Mtb
antigen within a fusion protein. One skilled in the art having
knowledge of the genetic code can routinely prepare and
design a plethora of nucleic acid molecules encoding the
same Mtb antigen. The length and nucleotide content of any
particular nucleic acid molecule is dictated by the desired
amino acid sequence of the encoded Mtb antigen. The
nucleic acid molecule sequences shown in Tables 1 and 2 are
DNA, although RNA nucleic acid molecules are also con-
templated.

In some embodiments, the CMV vaccines are attenuated
CMYV vaccines which are unable or impaired in their ability
to replicate or assemble in cells and tissues associated with
CMV transmission and disease. In addition, the present
disclosure includes embodiments that relate to the unique
ability of RhCMV to re-infect sero-positive Rhesus
Macaques (or HCMV to re-infect sero-positive humans) in
spite of the presence of a significant anti-RhCMV immune
response (or anti-HCMV immune response). This inherent
property of CMV vectors can be attributed to the extensive
repertoire of immune evasion genes encoded by this virus
(Hansen, S. G., Powers, C. J., Richards, R., Ventura, A. B.,
Ford, J. C., Siess, D., Axthelm, M. K., Nelson, J. A., Jarvis,
M. A, Picker, L. I, et al. 2010. Evasion of CD8+ T cells is
critical for superinfection by cytomegalovirus. Science 328:
102-106).

Some embodiments address issues of virus shedding and
pathogenesis and relate to two potentially complementary
approaches to generate a safe and effective vaccines using
the CMV vectors. One approach focuses on development of
CMV vectors that are either completely or conditionally
spread defective or severely restricted in their replication,
but that remain capable of inducing a protective immune
response against a heterologous antigen. The second
approach focuses on the generation of replication competent
CMYV vectors that are unable to infect cells, such as epithe-
lial cells, which are a major cell type, along with fibroblasts,
in the lung associated with CMV pneumonia. Some embodi-
ments may relate to additional safety features into these
vectors, including a block in replication in neural and
myeloid cells.

In some embodiments, the HCMV and RhCMV recom-
binant vectors encode heterologous antigens that may elicit
and maintain high level cellular and/or humoral immune
responses specific for the encoded antigen.

Further provided are recombinant RhCMV or HCMV
vectors including a deletion in one or more RhCMV or
HCMYV genes that are important for replication. In some
embodiments, at least one essential or augmenting gene is
UL82, UL94, UL32, UL99, UL115 or UL44, or a homolog
thereof. In some embodiments, the recombinant RhCMV or
HCMYV vectors further include a heterologous antigen, such
as a pathogen-specific antigen or a tumor antigen.

For a human CMV (HCMV)/TB vaccine to be safe for all
potential subjects in a general population, including indi-
viduals with unsuspected immune compromise, the CMV
vaccine vector needs to be attenuated without losing the
ability to induce protective immunity. CMV can replicate in
a wide variety of cells and tissues in the host, including:
neurons in the central nervous system (CNS), epithelial
cells, hepatocytes, lung and kidney. Myeloid and endothelial
cells are considered persistent sites for CMV in the host.
During overt CMV disease in immunocompromised indi-
viduals, direct infection resulting in destruction of epithelial
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and endothelial cells in the lung, liver and retina is respon-
sible for disease in these target organs. During congenital
infection, direct CMV infection of neuronal cells is believed
to account for the associated hearing deficits and mental
retardation. Embodiments of the invention relate to modu-
lating the ability of CMV to replicate in these critical cell
types in order to increase vector safety without compromis-
ing vaccine efficacy, said attenuated viruses and their use as
vaccines.

Some embodiments relate to HCMV as a vector for
inducing protective immunity to TB, which is based on the
highly innovative hypothesis that a high frequency, effector
memory-biased T cell response has distinct advantages over
conventional vaccine generated memory, combined with the
recognition that HCMYV provides just such a response. This
characteristic of HCMV is unique to this virus, even when
compared to other persistent viruses such as herpes simplex
virus (HSV) and Epstein-Barr virus (Asanuma, H., Sharp,
M., Maecker, H. T., Maino, V. C., and Arvin, A. M. 2000.
Frequencies of memory T cells specific for varicella-zoster
virus, herpes simplex virus, and cytomegalovirus by intra-
cellular detection of cytokine expression. J Infect Dis 181:
859-866; Harari, A., Vallelian, F., Meylan, P. R., and Pan-
taleo, G. 2005. Functional heterogeneity of memory CD4+
T cell responses in different conditions of antigen exposure
and persistence. J Immunol 174:1037-1045; Harari, A.,
Enders, F. B., Cellerai, C., Bart, P. A., and Pantaleo, G. 2009.
Distinct profiles of cytotoxic granules in memory CD8+ T
cells correlate with function, differentiation stage, and anti-
gen exposure. J Virol 83:2862-2871; Sylwester, A. W.,
Mitchell, B. L., Edgar, J. B., Taormina, C., Pelte, C., Ruchti,
F., Sleath, P. R., Grabstein, K. H., Hosken, N. A., Kem, F.,
et al. 2005. Broadly targeted human cytomegalovirus-spe-
cific CD4+ and CD8+ T cells dominate the memory com-
partments of exposed subjects. J Exp Med 202:673-685).

While the HCMV vaccine may be considered safe, con-
cerns still remain regarding both pathogenicity as well as the
ability of the virus to spread to unvaccinated sero-negative
individuals. The ability to rationally design an HCMV
vaccine that is less pathogenic and not shed into the envi-
ronment is now available with the advent of technological
breakthroughs to clone and genetically manipulate CMV.
With a long-term goal of generating a CMV vaccine vector
encoding TB antigens that is safe and unable to spread to
other individuals. Embodiments of this invention relate to
the rational design and use of the latest reverse genetic
techniques to generate a CMV-based vector that has a
restricted tropism for cells involved in shedding as well as
an altered ability to replicate in tissues associated with both
adult and immunosuppressed populations.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector is a tropism-restricted vector. In some
embodiments, the tropism-restrictive vector lacks genes
required for optimal growth in certain cell types or contains
targets for tissue-specific micro-RNAs in genes essential for
viral replication or wherein the tropism-restrictive vector has
an epithelial, central nervous system (CNS), or macrophage
deficient tropism, or a combination thereof.

Some embodiments relate to alteration of the cell-tropism
of' the CMV vector so as to prevent infection of specific cell
types involved in potential tissue damage and/or shedding
into urine or secretions. CMV is capable of infecting a wide
variety of cells in the host, including: epithelial cells in gut,
kidney, lung and retina, neuronal cells in the CNS, hepato-
cytes, as well as endothelial cells and myeloid lineage cells
that are considered persistent sites of the virus (Dankner, W.
M., McCutchan, J. A., Richman, D. D., Hirata, K., and
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Spector, S. A. 1990. Localization of human cytomegalovirus
in peripheral blood leukocytes by in situ hybridization. J
Infect Dis 161:31-36; Einhorn, L., and Ost, A. 1984. Cyto-
megalovirus infection of human blood cells. J Infect Dis
149:207-214; Gnann, J. W., Jr., Ahlmen, J., Svalander, C.,
Olding, L., Oldstone, M. B., and Nelson, J. A. 1988.
Inflammatory cells in transplanted kidneys are infected by
human cytomegalovirus. Am J Pathol 132:239-248; Howell,
C. L., Miller, M. J., and Martin, W. J. 1979. Comparison of
rates of virus isolation from leukocyte populations separated
from blood by conventional and Ficoll-Paque/Macrodex
methods. J Clin Microbiol 10:533-537; Myerson, D., Hack-
man, R. C., Nelson, J. A., Ward, D. C., and McDougall, J.
K. 1984. Widespread presence of histologically occult cyto-
megalovirus. Hum Pathol 15:430-439; Schrier, R. D., Nel-
son, J. A., and Oldstone, M. B. 1985. Detection of human
cytomegalovirus in peripheral blood lymphocytes in a natu-
ral infection. Science 230:1048-1051; Sinzger, C., Grefte,
A., Plachter, B., Gouw, A. S., The, T. H., and Jahn, G. 1995.
Fibroblasts, epithelial cells, endothelial cells and smooth
muscle cells are major targets of human cytomegalovirus
infection in lung and gastrointestinal tissues. J Gen Virol
76:741-750).

HCMYV encodes >200 genes and several of the genes that
are dispensable for basic virus replication have been iden-
tified as tropism determinants that enable the virus to enter
and replicate in macrophages, endothelial cells, and epithe-
lial cells. One locus of HCMV genes, UL128-131A, has
been shown to be essential for entry into endothelial and
epithelial cells (Gerna, G., Percivalle, E., Lilleri, D., Lozza,
L., Fornara, C., Hahn, G., Baldanti, F., and Revello, M. G.
2005. Dendritic-cell infection by human cytomegalovirus is
restricted to strains carrying functional UL131-128 genes
and mediates efficient viral antigen presentation to CD8+ T
cells. J Gen Virol 86:275-284; Hahn, G., Revello, M. G.,
Patrone, M., Percivalle, E., Campanini, G., Sarasini, A.,
Wagner, M., Gallina, A., Milanesi, G., Koszinowski, U., et
al. 2004. Human cytomegalovirus ULL131-128 genes are
indispensable for virus growth in endothelial cells and virus
transfer to leukocytes. J Virol 78:10023-10033; Wang, D.,
and Shenk, T. 2005. Human cytomegalovirus UL131 open
reading frame is required for epithelial cell tropism. J Virol
79:10330-10338; Wang, D., and Shenk, T. 2005. Human
cytomegalovirus virion protein complex required for epithe-
lial and endothelial cell tropism. Proc Natl Acad Sci USA
102:18153-18158; Ryckman, B. J., Rainish, B. L., Chase, M.
C., Borton, I. A, Nelson, J. A., Jarvis, M. A., and Johnson,
D. C. 2008. Characterization of the human cytomegalovirus
gH/gl/UL128-131 complex that mediates entry into epithe-
lial and endothelial cells. J Virol 82:60-70; Ryckman, B. J.,
Jarvis, M. A., Drummond, D. D., Nelson, J. A., and Johnson,
D. C. 2006. Human cytomegalovirus entry into epithelial
and endothelial cells depends on genes UL 128 to UL 150 and
occurs by endocytosis and low-pH fusion. J Virol 80:710-
722.).

The RhCMV homologues for HCMV UL128 and 130 are
inactivated in the RhCMYV strain 68-1. Efficient replication
of rhesus cytomegalovirus variants in multiple rhesus and
human cell types. Proc Natl Acad Sci USA 105:19950-
19955. Interestingly, RhCMV 68-1 still grows in epithelial
and endothelial cells (albeit at a reduced rate compared to
low passage RhCMV virus with intact UL128/130) (Lilja, A.
E., Chang, W. L., Barry, P. A., Becerra, S. P, and Shenk, T.
E. 2008. Functional genetic analysis of rhesus cytomegalo-
virus: Rh-1 is an epithelial cell tropism factor. J Virol
82:2170-2181; Rue, C. A., Jarvis, M. A., Knoche, A. ],
Meyers, H. L., DeFilippis, V. R., Hansen, S. G., Wagner, M.,
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Fruh, K., Anders, D. G., Wong, S. W, et al. 2004. A
cyclooxygenase-2 homologue encoded by rhesus cytomega-
lovirus is a determinant for endothelial cell tropism. Journal
of Virology 78:12529-12536). Mutational analysis of
RhCMYV 68-1 has identified 4 other Rh\CMV genes (Rh01
(HCMV TLR1), Rh159 (HCMV UL148), Rh160 (UL132)
and Rh203 (HCMVUS22)) that are also required for epi-
thelial cell tropism (Lilja et al., J Virol, 2008, 82, 2170-
2181). Some embodiments relate to the mutation of the
remainder of these epithelial cell tropism genes to highly
reduce, if not abrogate, the ability of CMV to infect epithe-
lial cells, thereby preventing its ability to be shed into urine
or glandular secretions (i.e., saliva and breast milk), yet
likely not compromise the ability of a CMV vector to induce
a protective immune response to TB.

Moreover, since CMV infection of epithelial cells in the
lung and retina results in pneumonia and retinitis, respec-
tively, elimination of all the CMV epithelial cell tropism
genes may significantly reduce the resultant vector’s patho-
genic potential. Aspects of the invention relate to this highly
targeted and innovative approach that will significantly
enhance both the safety of the RACMV/HCMYV vector for
use as a TB vaccine, as well as prevent shedding and the
potential spread of the vaccine vector into the unvaccinated
population.

Further embodiments relate to exploiting the tissue-spe-
cific expression of cellular microRNAs (miRNAs) to attenu-
ate the virus in tissues associated with disease in adult and
congenital infection. Endogenous microRNA can be broadly
exploited to regulate transgene expression according to
tissue, lineage and differentiation state. (Barnes et al., Cell
Host Microbe, 2008, 4, 239-248; Lee et al., Clin. Cancer
Res., 2009, 15, 5126-5135; Perez et al., Nat. Biotechnol.,
2009, 27, 572-576).

Tissue specific expression of miRNAs has been exploited
to generate an attenuated polio vaccine through the intro-
duction of multiple miRNA target sequences of miR-124
that is specifically expressed in the CNS into the 3'UTR of
the poliovirus genome (Barnes et al., supra). Addition of the
miR-124 target sequences to the poliovirus genome was
observed to significantly attenuate virus infection in mice.
Similarly, multiple target sequences of miR-93 that is ubiq-
uitously expressed in all mammalian but not avian tissues
were added to the nucleoprotein gene of influenza resulting
in a species-restricted influenza mutant that was able to grow
in chicken eggs but not in mice (Perez et al., supra).

Some embodiments relate to this attenuation approach
being effective for larger viruses, such as murine CMV
(MCMYV). Unlike the small RNA viruses, CMV encodes
over 200 genes of which approximately 50% are essential
and necessary for replication or encode structural proteins of
the virus. One of these essential MCMV genes is the
immediate early (IE) 3 gene (the mouse correlate of IE2 in
HCMYV or RhCMYV) that encodes a transcriptional regula-
tory protein necessary for subsequent activation of early and
late genes in the virus. Deletion of this gene completely
blocks viral replication in cells and mouse tissues (Angulo
etal., J. Virol., 2000, 74, 11129-11136). It is described herein
that introduction of target sequences of tissue-specific miR-
NAs into the 3'UTR of this gene would attenuate viral
replication in these cells.

In further embodiments, the CMV vector may comprise
one or more microRNA recognition elements (MREs). A
mature microRNA (interchangeably termed an miRNA or
miR) is typically an 18-25 nucleotide non-coding RNA that
regulates expression of an mRNA operably linked to an
MRE with specificity for the miRNA. An MRE can be any
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sequence that base pairs with and interacts with the miRNA
somewhere on the mRNA transcript. Often, the MRE is
present in the 3' untranslated region (UTR) of the mRNA,
but it can also be present in the coding sequence or in the
5-UTR. MRE’s are not necessarily perfect complements to
miRNAs, usually having only a few bases of complemen-
tarity to the miRNA and often containing one or more
mismatches within those bases of complementarity. An
MRE, therefore, can be any sequence capable of being
bound by an miRNA sufficiently that the translation of a
gene to which the MRE is operably linked (such as a CMV
gene that is essential or augmenting for growth in vivo) is
repressed by an miRNA silencing mechanism such as the
RISC.

In some examples, a microRNA recognition element
(MRE) is operably linked to a CMV gene that is essential or
augmenting for growth in vivo. In other examples, the MRE
silences expression in the presence of a miRNA that is
expressed in cells of the myeloid lineage. Such miRNA
include, but are not limited to, miR-142-3p, miR-223, miR-
27a, miR-652, miR-155, miR146a, miR-132, miR-21, or
miR-125 (Brown et al., Nat. Biotechnol., 2007, 25, 1457-
1467). Myeloid lineage cells have been shown to represent
a reservoir of latent virus, and are thought to harbor and
disseminate virus throughout the host (Jarvis and Nelson,
Front Biosci., 2002, 7, d1575-1582).

Further studies with MCMV (Snyder et al., C. M., Allan,
J. E., Bonnett, E. L., Doom, C. M., and Hill, A. B. Cross-
presentation of a spread-defective MCMYV is sufficient to
prime the majority of virus-specific CD8+ T cells. PLoS One
5:€9681) indicate that cross-priming is the primary mecha-
nism by which CMV-encoded proteins prime the immune
response, replication in myeloid dendritic cells may have a
surprisingly minimal impact on CMV immunogenicity.

Bacterial artificial chromosome (BAC)-based technology
is used to generate a recombinant MCMYV virus that con-
tained four repeated target sequences (four 21mers) with
exact complementarity to the cellular miRNA, miR-142-3p,
within the 3'UTR of the essential viral gene IE3 (IE3-142).
To confirm the extent to which miR-142-3p expression
could repress 1E3-142 replication, virus growth assays are
performed in the macrophage cell line, IC-21. RT-PCR
analysis confirmed that IC-21 cells express high levels of
miR-142-3p making the cell line suitable to test the effec-
tiveness of the strategy. Preliminary experiments confirmed
the utility of the approach for cell-type specific attenuation
of CMV. Although IE3-142 replicated to wild type levels in
fibroblasts, growth was completely blocked in IC-21 mac-
rophage cells. A control virus, IE3-015, which contains only
vector sequence within the IE3 insertion site, replicates to
wild-type levels in IC-21 cells. RT-PCR analysis indicates
that IE3 expression was completely abrogated following
infection of IC-21 cells, but not following infection of
fibroblast cells (lacking miR-142-3p expression) indicating
that disruption of 1E3 expression is not due to insertion of
the target sequence.

Some embodiments relate to strategy to attenuate CMV
based on the showing that viruses can be attenuated for
tissue-specific growth by using miRNA target sequences and
the attenuation of MCMYV in myeloid cells through the
targeting of cell specific miRNAs to essential viral genes.
Since the CNS is a major target for CMV pathogenesis in
both congenital and adult disease, HCMV/TB vaccines are
generated that contain target sequences of highly conserved
miRNAs specifically expressed by neurons fused to essential
CMV genes to prevent replication in the CNS. Target
sequences of the myeloid miRNA miR-124 to prevent
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replication and dissemination of the CMV vector in this cell
type are also used. Together, these attenuated viruses will
provide a further level of safety that will enable the use of
this vaccine in all human target populations.

Also disclosed herein are recombinant CMV vectors, such
as RhCMV and HCMYV vectors, having a deletion in one or
more genes that are essential for or augment CMV replica-
tion, dissemination or spreading. Thus, these vectors are
referred to as “replication-deficient” CMV vectors. As used
herein, “replication-deficient” encompasses CMV vectors
that are unable to undergo any replication in a host cell, or
have a significantly reduced ability to undergo viral repli-
cation. In some examples, the replication-deficient CMV
vectors are able to replicate, but are unable to disseminate
since they are incapable of infection neighboring cells. In
some examples, the replication-deficient CMV vectors are
able to replicate, but are unable to spread since they are not
released from infected hosts.

CMV essential and augmenting genes are well known in
the art (see, for example, Dunn et al., Proc. Natl. Acad. Sci.
USA, 2003, 100, 14223-14228; and Dong et al., Proc. Natl.
Acad. Sci. USA, 2003, 100, 12396-12401), and are
described herein. In some embodiments, the recombinant
RhCMYV or HCMV vector includes a deletion in one gene
that is essential for or augments virus replication, dissemi-
nation or spreading. In other embodiments, the recombinant
RhCMYV or HCMYV vector includes a deletion in multiple
(such as, but not limited to, two, three or four) genes
essential for or augmenting CMV replication, dissemination
or spreading. The deletion need not be a deletion of the
entire open reading frame of the gene, but includes any
deletion that eliminates expression of functional protein.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector comprises a deletion in a RhCMV or
HCMYV gene that is essential for replication within a host,
dissemination within a host, or spreading from host to host.
In some embodiments, the essential gene is UL82 (encoding
pp71), UL94 (encoding the UL94 protein), UL32 (encoding
pp150), UL99 (encoding pp28), UL115 (encoding gl.) and
ULA44 (encoding p52), or a homolog thereof.

Replication-deficient RhCMV and HCMV vectors dis-
closed herein can include a nucleic acid sequence encoding
a heterologous antigen, such as a pathogen-specific antigen.
As disclosed for other recombinant RhCMV and HCMV
vectors described herein, replication-deficient RhnCMV and
HCMYV vectors can be used to elicit an immune response in
a subject against the encoded heterologous antigen.

A recombinant RhCMV vector having a deletion in gene
ULS82 (which encodes the pp71 protein) is severely impaired
in its ability to grow in vitro and to spread in vivo, but still
elicits a robust T cell immune response against CMV (U.S.
Pat. No. 9,249,427). Thus, it is contemplated herein to use
such a replication-deficient vector as a vaccine against CMV
itself.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector has a deletion in a gene region
non-essential for growth in vivo. In some embodiments, the
gene region is selected from the group consisting of the
RL11 family, the pp65 family, the US12 family, and the
US28 family. In some embodiments, the RhCMV gene
region is selected from the group consisting of Rh13-Rh29,
Rh111-Rh112, Rh191-Rh202, and Rh214-Rh220. In some
embodiments, the RhCMV gene region is selected from the
group consisting of Rh13.1, Rh19, Rh20, Rh23, Rh24,
Rh112, Rh190, Rh192, Rh196, Rh198, Rh199, Rh200,
Rh201, Rh202, and Rh220. In some embodiments, the
HCMYV gene region is selected from the group consisting of
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RL11, UL6, UL7, UL9, UL11, UL83 (pp65), US12, US13,
US14, US17, US18, US19, US20, US21, and UL28.

In some embodiments, the recombinant RhCMV or
HCMYV vector comprises a deletion in a RhCMV or HCMV
gene that is essential for or augments replication. CMV
essential genes and augmenting have been well described in
the art (see, for example, Dunn et al., supra; and Dong et al.,
supra). Essential CMV genes include, but are not limited to,
UL32, UL34, UL37, UL44, UL46, UL48, UL48.5, UL49,
ULS50, UL51, ULS52, ULS3, UL54, ULSS, UL56, ULS7,
UL60, UL61, UL70, UL71, UL73, UL75, UL76, UL77,
UL79, UL8O, UL82, UL84, UL8S, UL86, UL87, UL,
UL90, UL91, UL92, UL93, UL94, UL9S5, UL96, UL9S,
UL99, UL100, UL102, UL104, UL105, UL115 and UL122.
In some embodiments, the CMV essential or augmenting
gene is UL82, UL94, UL32, UL99, UL115 or UL44, or a
homolog thereof (i.e., the homologous gene in RhCMV).
Other essential or augmenting genes are known in the art and
are described herein. In particular examples, the essential
gene is UL82, or a homolog thereof. In some embodiments,
the recombinant RhCMV and HCMYV vectors do not include
a heterologous antigen. In other embodiments, the recom-
binant RhCMV or HCMV vector having a deletion in an
essential or augmenting gene includes a nucleic acid
sequence encoding a heterologous antigen, such as a patho-
gen-specific antigen or a tumor antigen. Compositions com-
prising recombinant Rh\CMV or HCMV vectors and a phar-
maceutically acceptable carrier also are provided. Such
vectors and compositions can be used, for example, in a
method of treating a subject with an infectious disease, or at
risk of becoming infected with an infectious disease. CMV
vectors having a deletion of at least one important gene are
generally attenuated and thus can be used as vaccines for the
treatment or prevention of CMV (in which case, the recom-
binant vector does not encode a heterologous antigen).

In some embodiments, the recombinant RhCMV or
HCMYV vectors comprise a suicide or safety means to
prevent further replication of the virus. For example, the
recombinant CMV vectors can include LoxP sites flanking
an essential gene or region of the RhCMV or HCMV
genome (essential CMV genes are listed above and are
known in the art), as well as the coding sequence for
Cre-recombinase. Cre-recombinase is generally under the
control of an inducible promoter to regulate expression of
Cre, thereby controlling removal of the essential gene and
inhibition of viral replication. In particular examples, Cre is
a Tet-regulated Cre and expression of Cre is controlled by
the presence of Dox.

The present disclosure also relates to a method of a CMV
vector capable of repeatedly infecting an organism which
may comprise (a) constructing a vector containing and
over-expressing at least one cytomegalovirus (CMV) gly-
coprotein, wherein the glycoprotein is US2, US3, US6 or
US11, and (b) administering the vector repeatedly into the
animal or human. Where superinfectivity is desired, any
CMYV vector, may express one or more of the HCMV
glycoproteins US2, US3, US6 and US11 (or the RhCMV
homologues Rh182, Rh184, Rh185, Rh189).

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector further comprises a second nucleic
acid sequence encoding US2, US3, or US6, or a homolog
thereof, wherein the vector does not encode a functional
US11. In some embodiments, the second nucleic acid
sequence encodes US2, US3, and US6. In some embodi-
ments, the nucleic acid encoding a US11 open reading frame
is deleted. In some embodiments, the recombinant RnCMV
or HCMV vaccine vector further comprises a third nucleic
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acid sequence encoding US11, and wherein the nucleic acid
sequence encoding US11 comprises a point mutation, a
frameshift mutation, and/or a deletion of one or more
nucleotides of the nucleic acid sequence encoding US11.

In some embodiments, the glycoproteins within the US2
to US11 region of RACMV or HCMYV are deleted from the
vector. In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector lacks the transactivator pp71. In
some embodiments, the recombinant RhCMV or HCMV
vaccine vector lacks the tegument protein pp65.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector further comprises a nucleic acid
sequence that encodes UL128 or an ortholog thereof, and
another nucleic acid sequence that encodes UL131 or an
ortholog thereof, wherein the vector does not express an
active UL 130 protein.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector further comprises a nucleic acid
sequence that encodes UL130 or an ortholog thereof, and
another nucleic acid sequence that encodes UL131 or an
ortholog thereof, wherein the vector does not express an
active UL 128 protein.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector comprises a mutation in UL128 or
UL130 selected from a point mutation, a frameshift muta-
tion, and a deletion of all or less than all of UL128 or UL130.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector further comprises an antisense
sequence or an RNAi sequence that inhibits the expression
of UL128 or UL130 or both.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector comprises a deletion or modification
of US2, US3, US4, US5, US6, US11, or UL97, or a homolog
thereof.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector comprises a deletion of Rh158-166
or a homolog thereof.

In some embodiments where repeated infection ofa CMV
vector is desired, the CMV vector may express one or more
of the glycoproteins US2, US3, US6 and US11. In a par-
ticularly advantageous embodiment, the vector expresses
glycoproteins US2, US3, US6 and US11. More advanta-
geously, the vector contains and expresses all of the glyco-
proteins within the US2 to USI1 region of CMV. In an
advantageous embodiment, the one or more of the glyco-
proteins US2, US3, US6 and US11 may include, but not
limited to, the glycoproteins of U.S. Pat. Nos. 7,892,564,
7,749,745, 7,364,893; 6,953,661, 6,913,751; 6,740,324,
6,613,892; 6,410,033; 6,140,114; 6,103,531; 6,033,671,
5,908,780; 5,906,935; 5,874,279, 5,853,733; 5,846,806;
5,843,458, 5,837,532; 5,804,372; 5,753,476; 5,741,696;
5,731,188, 5,720,957, 5,676,952; 5,599,544; 5,593,873 and
5,334,498.

Disclosed herein are human or animal CMV vectors
comprising a nucleic acid sequence that encodes a heterolo-
gous protein antigen and a nucleic acid sequence that
encodes an active UL131 protein. In one example, the CMV
vector comprises a nucleic acid sequence that expresses an
active UL128 protein but does not express an active UL130
protein. In another example, the CMV vector encodes an
active UL130 protein but does not express an active UL128
protein.

In some examples, the CMV vector does not express an
active UL 128 or UL130 protein due to the presence of a
deleterious mutation in the nucleic acid sequence encoding
UL128 or UL130 or their orthologous genes in animal
CMVs. The mutation may be any deleterious mutation that
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results in a lack of expression of active UL128 or UL130
protein. Such mutations can include point mutations, frame-
shift mutations, deletions of less than all of the sequence that
encodes the protein (truncation mutations), or deletions of
all of the nucleic acid sequence that encodes the protein, or
any other mutations.

In further examples, the CMV vector does not express an
active UL128 or UL130 protein due to the presence of a
nucleic acid sequence in the vector that comprises an
antisense or RNAi sequence (siRNA or miRNA) that inhib-
its the expression of the UL128 or UL130 protein.

Also disclosed herein are methods of generating CD8+ T
cell responses to heterologous antigens in a subject. The
methods involve administering an effective amount of a
CMYV vector to the subject. The CMV vector is characterized
by having a nucleic acid sequence that encodes a heterolo-
gous antigen and a nucleic acid sequence that encodes an
active UL131 protein. The CMV vector is further charac-
terized by not encoding an active UL 128 protein or an active
UL130 protein or neither an active UL128 or active UL 130
protein. The CD8+ T cell response is further characterized
by having at least 10% of the CD8+ T cells directed against
epitopes presented by MHC class 1. In further examples, at
least 20%, at least 30%, at least 40%, at least 50%, at least
60%, or more than 60% of the CD8+ T cells are directed
against epitopes presented by MHC class II.

In further examples, the methods involve administering
an effective amount of a second CMV vector, the second
CMV vector comprising a nucleic acid sequence that
encodes a heterologous antigen to the subject. This second
vector can be any CMV vector, including a CMV vector with
an active UL128 and an active UL 130 protein. The second
CMYV vector may comprise additional deletions known in
the art to provide different immune responses such as a US11
deletion or any other deletion. The second heterologous
antigen can be any heterologous antigen, including a heter-
ologous antigen identical to the heterologous antigen in the
first CMV vector. The second CMV vector can be admin-
istered at any time relative to the administration of the first
CMYV vector including before, concurrently with, or after the
administration of the first CMV vector. This includes admin-
istration of the second vector any number of months, days,
hours, minutes or seconds before or after the first vector. In
preferred embodiments of the present invention viral vectors
are used. Advantageously, the vector is a CMV vector,
lacking at least the glycoprotein UL128 or a CMV vector
lacking at least the glycoprotein UL130. Each CMV vector
also expresses the glycoprotein UL131.

Suitable dosages of the CMV vectors in the immunogenic
compositions can be readily determined by those of skill in
the art. For example, the dosage of the CMV vectors can
vary depending on the route of administration and the size
of the subject. Suitable doses can be determined by those of
skill in the art, for example by measuring the immune
response of a subject, such as a laboratory animal, using
conventional immunological techniques, and adjusting the
dosages as appropriate. Such techniques for measuring the
immune response of the subject include but are not limited
to, chromium release assays, tetramer binding assays, IFN-
.gamma. ELISPOT assays, IL.-2 ELISPOT assays, intracel-
Iular cytokine assays, and other immunological detection
assays, e.g., as detailed in the text “Antibodies: A Laboratory
Manual” by Ed Harlow and David Lane.

In some embodiments, the recombinant RhCMYV vaccine
vector is Rh68-1 or Rh68-1.2. During in vitro culture on
fibroblasts, the Rh68-1 CMV vector lost the ability to
express gene products from the Rh13, Rh60, Rh157.5, and
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Rh157.6 open reading frames. The HCMV orthologs of
these genes are R[L11, UL36, UL128, and UL130, respec-
tively. The Rh68-1.2 vector had expression of Rh60,
Rh157.5, and Rh157.6 restored through recombinant DNA
techniques (Lilja and Shenk, Proc. Natl. Acad. Sci. USA,
2008, 105, 19950-19955). The Rh68-1 CMV vector, but not
the Rh68-1.2 CMV vector, primes surprisingly high number
of CD8* T cells restricted by MHC-E.

In some embodiments, the CMV vectors can comprise
regulatory elements for gene expression of the coding
sequences of the nucleic acid. The regulatory elements can
be a promoter, an enhancer an initiation codon, a stop codon,
a polyadenylation signal, additional restriction enzyme sites,
multiple cloning sites, or other coding segments, and the
like. In some embodiments, the CMV vector can comprise
heterologous nucleic acid encoding an Mtb antigen and can
further comprise an initiation codon, which is upstream of
the antigen coding sequence, and a stop codon, which is
downstream of the antigen coding sequence. The initiation
and termination codon are in frame with the antigen coding
sequence.

In some embodiments, expression of the Mtb antigen is
driven by an antigen-coding sequence in operable associa-
tion with a promoter selected from the group consisting of
a constitutive CMV promoter, an immediate early CMV
promoter, an early CMV promoter, and a late CMV pro-
moter. In some embodiments, the promoter is selected from
the group consisting of EF1-alpha, UL82, MIE, pp65, and
gH.

The CMV vector can also comprise a polyadenylation
signal, which can be downstream of the antigen coding
sequence. The polyadenylation signal can be a SV40 poly-
adenylation signal, LTR polyadenylation signal, CMV poly-
adeylation signal, bovine growth hormone (bGH) polyade-
nylation signal, human growth hormone (hGH)
polyadenylation signal, or human f-globin polyadenylation
signal. The SV40 polyadenylation signal can be a polyade-
nylation signal from a pCEP4 vector (Invitrogen, San Diego,
Calif.).

The CMYV vector can also comprise an enhancer. In some
embodiments, the enhancer can be necessary for DNA
expression. The enhancer can be human actin, human myo-
sin, human hemoglobin, human muscle creatine or a viral
enhancer such as one from CMV, RSV or EBV. Polynucle-
otide function enhances are described in U.S. Pat. Nos.
5,593,972, 5,962,428, and W094/016737, the contents of
each are incorporated herein by reference.

The CMYV vector can also comprise a mammalian origin
of replication to maintain the vector extrachromosomally
and produce multiple copies of the vector in a cell. The
CMYV vector can comprise the Epstein Barr virus origin of
replication and nuclear antigen EBNA-1 coding region,
which can produce high copy episomal replication without
integration. The CMV vector can contain certain elements of
the pVAX1 or a pVax1 variant. The variant pVax1 plasmid
is a 2998 basepair variant of the backbone vector plasmid
pVAX1 (Invitrogen, Carlsbad Calif.). The CMV promoter is
located at bases 137-724. The T7 promoter/priming site is at
bases 664-683. Multiple cloning sites are at bases 696-811.
Bovine GH polyadenylation signal is at bases 829-1053. The
Kanamycin resistance gene is at bases 1226-2020. The pUC
origin is at bases 2320-2993.

The CMV vector can also comprise a regulatory
sequence, which can be well suited for gene expression in a
mammalian or human cell into which the vector is admin-
istered. The consensus coding sequence can comprise a
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codon, which can allow more efficient transcription of the
coding sequence in the host cell.

The present disclosure also provides host cells comprising
any of the nucleic acid molecules or CMV vectors disclosed
herein. The host cells can be used, for example, to express
the Mtb antigens, or fragments of thereof. The Mtb antigens,
or fragments thereof, can also be expressed in cells in vivo.
The host cell that is transformed (for example, transfected)
to produce the Mtb antigens, or fragments of thereof can be
an immortalised mammalian cell line, such as those of
lymphoid origin (for example, a myeloma, hybridoma,
trioma or quadroma cell line). The host cell can also include
normal lymphoid cells, such as B-cells, that have been
immortalized by transformation with a virus (for example,
the Epstein-Barr virus).

In some embodiments, the host cells include, but are not
limited to: bacterial cells, such as E. coli, Caulobacter
crescentus, Streptomyces species, and Salmonella typhimu-
rium; yeast cells, such as Saccharomyces cerevisiae, Schi-
zosaccharomyces pombe, Pichia pastoris, Pichia methan-
olica; insect cell lines, such as those from Spodoptera
frugiperda (for example, Sf9 and Sf21 cell lines, and
expresSF™ cells (Protein Sciences Corp., Meriden, Conn.,
USA)), Drosophila S2 cells, and Trichoplusia in High Five®
Cells (Invitrogen, Carlsbad, Calif., USA); and mammalian
cells, such as COS1 and COS7 cells, Chinese hamster ovary
(CHO) cells, NSO myeloma cells, NIH 3T3 cells, 293 cells,
Procell928S, perC6, HEPG2 cells, HeLa cells, L cells, Hel a,
MDCK, HEK293, WI38, murine ES cell lines (for example,
from strains 129/SV, C57/BL6, DBA-1, 129/SVJ), K562,
Jurkat cells, and BW5147. Other useful mammalian cell
lines are well known and readily available from the Ameri-
can Type Culture Collection (“ATCC”) (Manassas, Va.,
USA) and the National Institute of General Medical Sci-
ences (NIGMS) Human Genetic Cell Repository at the
Coriell Cell Repositories (Camden, N.J., USA). In some
embodiments, the cell is a recombinant BCG. These cell
types are only representative and are not meant to be an
exhaustive list.

Among other considerations, some of which are described
above, a host cell strain may be chosen for its ability to
process the expressed Mtb antigens, or fragment thereof, in
the desired fashion. Post-translational modifications of the
polypeptide include, but are not limited to, glycosylation,
acetylation, carboxylation, phosphorylation, lipidation, and
acylation, and it is an aspect of the present disclosure to
provide Mtb antigens thereof with one or more of these
post-translational modifications.

In some embodiments, the recombinant BCG has been
genetically engineered to express a functional endosoma-
Iytic protein that is bioactive at pH values near neutrality
(e.g. about pH 6-8 or about 6.5 to 7.5). The endosomalytic
protein is active within Mycobacteria-containing endo-
somes, which typically have an internal pH near neutrality.
The activity of the endosomalytic protein produced by the
rBCG results in disruption of the endosome, permitting the
rBCG to escape from the endosome and into the cytoplasm
of'the cell. In some embodiments, the endosomalytic protein
that is introduced into the rBCG by genetic engineering is
Perfringolysin O (PfoA) from Clostridium perfringens or a
mutant thereof, such as PfoAs;,;5,, as described in WO
2007/058663, which is incorporated herein by reference in
its entirety.

In some embodiments, the Mycobacteria are attenuated,
as exemplified by BCG. However, those of skill in the art
will recognize that other attenuated and nonattenuated
Mycobacteria exist which would also be suitable for use
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herein. Examples of additional types of Mycobacteria
include, but are not limited to, M. tuberculosis strain
CDC1551, M. tuberculosis strain Beijing, M. tuberculosis
strain H37Ra (ATCC #:25177), M. tuberculosis strain
H37Rv (ATCC #:25618), M. bovis (ATCC #:19211 and
27291), M. fortuitum (ATCC #:15073), M. smegmatis
(ATCC #:12051 and 12549), M. intracellulare (ATCC
#:35772 and 13209), M. kansasii (ATCC #:21982 and
35775) M. avium (ATCC #:19421 and 25291), M. galli-
narum (ATCC #:19711), M. vaccae (ATCC #:15483 and
23024), M. leprae (ATCC #:), M. marinarum (ATCC
#:11566 and 11567), and M. microtti (ATCC #:11152).

Examples of attenuated Mycobacterium strains include,
but are not restricted To, M. tuberculosis pantothenate
auxotroph strain, M. tuberculosis rpoV mutant strain, M.
tuberculosis leucine auxotroph strain, BCG Danish strain
(ATCC #35733), BCG Japanese strain (ATCC #35737),
BCG Chicago strain (ATCC #27289), BCG Copenhagen
strain (ATCC #: 27290), BCG Pasteur strain (ATCC #:
35734), BCG Glaxo strain (ATCC #: 35741), BCG Con-
naught strain (ATCC #35745), BCG Montreal (ATCC
#35746), BCG1331 strain, BCG Tokyo strain, BCG Moreau
strain, BCG-Pasteur Aeras, and BCG Moscow strain.

The present disclosure also provides pharmaceutical com-
positions comprising any one or more of the recombinant
RhCMYV or HCMV vaccine vectors described herein and a
pharmaceutically acceptable carrier.

In some embodiments, the Mtb antigen, or fragment
thereof, is labeled with a detectable marker. Detectable
markers include, but are not limited to, radioactive isotopes
(such as P>? and S*%), enzymes (such as horseradish peroxi-
dase, chloramphenicol acetyltransferase (CAT), f-galacto-
sidase (B-gal), and the like), fluorochromes, chromophores,
colloidal gold, dyes, and biotin. The labeled Mtb antigens, or
fragments thereof, can be used to carry out diagnostic
procedures in a variety of cell or tissue types. For imaging
procedures, in vitro or in vivo, the Mtb antigens can be
labeled with additional agents, such as NMR contrasting
agents, X-ray contrasting agents, or quantum dots. Methods
for attaching a detectable agent to polypeptides are known in
the art. The Mtb antigens can also be attached to an insoluble
support (such as a bead, a glass or plastic slide, or the like).

In some embodiments, the Mtb antigens, or fragment
thereof, can be conjugated to a therapeutic agent including,
but not limited to, radioisotopes (such as *'In or °°Y),
toxins (such as tetanus toxoid or ricin), toxoids, and che-
motherapeutic agents.

In some embodiments, the Mtb antigens, or fragments
thereof, can be conjugated to an imaging agent. Imaging
agents include, for example, a labeling moiety (such as
biotin, fluorescent moieties, radioactive moieties, histidine
tag or other peptide tags) for easy isolation or detection.

The present disclosure also provides compositions com-
prising any one or more of the fusion proteins, Mtb antigens,
nucleic acid molecules encoding Mtb antigens, including
fusion proteins thereof, cells, and/or CMV vectors and a
pharmaceutically acceptable carrier useful in, for example,
vaccines.

In some embodiments, liquid formulations of a pharma-
ceutical composition for oral administration prepared in
water or other aqueous vehicles can contain various sus-
pending agents such as methylcellulose, alginates, traga-
canth, pectin, kelgin, carrageenan, acacia, polyvinylpyrroli-
done, and polyvinyl alcohol. Liquid formulations of
pharmaceutical compositions can also include solutions,
emulsions, syrups and elixirs containing, together with the
active compound(s), wetting agents, sweeteners, and color-

10

15

20

25

30

35

40

45

50

55

60

65

40

ing and flavoring agents. Various liquid and powder formu-
lations of the pharmaceutical compositions can be prepared
by conventional methods for inhalation into the lungs of the
mammal to be treated.

In some embodiments, liquid formulations of a pharma-
ceutical composition for injection can comprise various
carriers such as vegetable oils, dimethylacetamide, dimeth-
ylformamide, ethyl lactate, ethyl carbonate, isopropyl
myristate, ethanol, polyols such as, for example, glycerol,
propylene glycol, liquid polyethylene glycol, and the like. In
some embodiments, the composition includes a citrate/
sucrose/tween carrier. For intravenous injections, water
soluble versions of the compositions can be administered by
the drip method, whereby a pharmaceutical formulation
containing the antifungal agent and a physiologically accept-
able excipient is infused. Physiologically acceptable excipi-
ents can include, for example, 5% dextrose, 0.9% saline,
Ringer’s solution or other suitable excipients. A suitable
insoluble form of the composition can be prepared and
administered as a suspension in an aqueous base or a
pharmaceutically acceptable oil base, such as an ester of a
long chain fatty acid such as, for example, ethyl oleate.

The compositions can be, for example, injectable solu-
tions, aqueous suspensions or solutions, non-aqueous sus-
pensions or solutions, solid and liquid oral formulations,
salves, gels, ointments, intradermal patches, creams, aero-
sols, lotions, tablets, capsules, sustained release formula-
tions, and the like. In some embodiments, for topical appli-
cations, the pharmaceutical compositions can be formulated
in a suitable ointment. In some embodiments, a topical
semi-solid ointment formulation typically comprises a con-
centration of the active ingredient from about 1 to 20%, or
from 5 to 10%, in a carrier, such as a pharmaceutical cream
base. Some examples of formulations of a composition for
topical use include, but are not limited to, drops, tinctures,
lotions, creams, solutions, and ointments containing the
active ingredient and various supports and vehicles.

Typically, compositions are prepared as injectables, either
as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid vehicles prior to injec-
tion can also be prepared. The preparation also can be
emulsified or encapsulated in liposomes or microparticles
such as polylactide, polyglycolide, or copolymer for
enhanced adjuvant effect (see Langer, Science, 1990, 249,
1527 and Hanes, Advanced Drug Delivery Reviews, 1997,
28, 97). A sterile injectable preparation such as, for example,
a sterile injectable aqueous or oleaginous suspension can
also be prepared. This suspension may be formulated
according to techniques known in the art using suitable
dispersing, wetting, and suspending agents. In some
embodiments, the pharmaceutical composition can be deliv-
ered in a microencapsulation device so as to reduce or
prevent a host immune response against the protein.

A suitable dose is an amount of a compound that, when
administered as described above, is capable of promoting an
anti-TB immune response, and is preferably at least 10-50%
above the basal (i.e., untreated) level. Such response can be
monitored, for example, by measuring the anti-T cell
responses in a patient. Such vaccines should also be capable
of causing an immune response that leads to an improved
clinical outcome (e.g., more frequent remissions, complete
or partial or longer disease-free survival) in vaccinated
patients as compared to non-vaccinated patients. In general,
for pharmaceutical compositions and vaccines comprising
one or more polypeptides, the amount of each polypeptide
sought in a dose ranges from about 25 mcg to 5 mg per kg
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of host. Suitable dose sizes will vary with the size of the
patient, but will typically range from about 0.1 mL to about
5 mlL.

In general, an appropriate dosage and treatment regimen
provides the active compound(s) in an amount sufficient to
provide therapeutic and/or prophylactic benefit. Such a
response can be monitored by establishing an improved
clinical outcome (e.g. more frequent remissions, complete or
partial, or longer disease-free survival) in treated patients as
compared to non-treated patients. Increases in preexisting
immune responses to a TB protein may correlate with an
improved clinical outcome. Such immune responses may
generally be evaluated using standard proliferation, cytotox-
icity or cytokine assays, which may be performed using
samples obtained from a patient before and after treatment.

In some embodiments, the compositions comprise about
1 nanogram to about 10 mg of nucleic acid. In some
embodiments, the compositions comprise: 1) at least 10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95
or 100 nanograms, or at least 1, 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115,
120, 125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175,
180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235,
240, 245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295,
300, 305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355,
360, 365, 370, 375, 380, 385, 390, 395, 400, 405, 410, 415,
420, 425, 430, 435, 440, 445, 450, 455, 460, 465, 470, 475,
480, 485, 490, 495, 500, 605, 610, 615, 620, 625, 630, 635,
640, 645, 650, 655, 660, 665, 670, 675, 680, 685, 690, 695,
700, 705, 710, 715, 720, 725, 730, 735, 740, 745, 750, 755,
760, 765, 770, 775, 780, 785, 790, 795, 800, 805, 810, 815,
820, 825, 830, 835, 840, 845, 850, 855, 860, 865, 870, 875,
880, 885, 890, 895. 900, 905, 910, 915, 920, 925, 930, 935,
940, 945, 950, 955, 960, 965, 970, 975, 980, 985, 990, 995
or 1000 micrograms, or at least 1.5, 2, 2.5, 3,3.5, 4, 4.5, 5,
5.5,6,65,7,7.5,8,8.5,9,9.5 or 10 mg or more; and 2) up
to and including 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95 or 100 nanograms, or up to and
including 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130,
135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190,
195, 200, 205, 210, 215, 220, 225, 230, 235, 240, 245, 250,
255, 260, 265, 270, 275, 280, 285, 290, 295, 300, 305, 310,
315, 320, 325, 330, 335, 340, 345, 350, 355, 360, 365, 370,
375, 380, 385, 390, 395, 400, 405, 410, 415, 420, 425, 430,
435, 440, 445, 450, 455, 460, 465, 470, 475, 480, 485, 490,
495, 500, 605, 610, 615, 620, 625, 630, 635, 640, 645, 650,
655, 660, 665, 670, 675, 680, 685, 690, 695, 700, 705, 710,
715, 720, 725, 730, 735, 740, 745, 750, 755, 760, 765, 770,
775, 780, 785, 790, 795, 800, 805, 810, 815, 820, 825, 830,
835, 840, 845, 850, 855, 860, 865, 870, 875, 880, 885, 890,
895. 900, 905, 910, 915, 920, 925, 930, 935, 940, 945, 950,
955, 960, 965, 970, 975, 980, 985, 990, 995, or 1000
micrograms, or up to and including 1.5, 2, 2.5, 3, 3.5, 4, 4.5,
5,55,6,65,7,75,8,85,9, 9.5 or 10 mg.

In some embodiments, the compositions comprise about
5 nanograms to about 10 mg of nucleic acid molecule. In
some embodiments, the compositions comprise about 25
nanograms to about 5 mg of nucleic acid molecule. In some
embodiments, the compositions contain about 50 nanograms
to about 1 mg of nucleic acid molecule. In some embodi-
ments, the compositions contain about 0.1 to about 500
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions contain about 1 to about 350
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions contain about 5 to about 250
micrograms of nucleic acid molecule. In some embodi-
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ments, the compositions contain about to about 200 micro-
grams of nucleic acid molecule. In some embodiments, the
compositions contain about 15 to about 150 micrograms of
nucleic acid molecule. In some embodiments, the composi-
tions contain about 20 to about 100 micrograms of nucleic
acid molecule. In some embodiments, the compositions
contain about 25 to about 75 micrograms of nucleic acid
molecule. In some embodiments, the compositions contain
about 30 to about 50 micrograms of nucleic acid molecule.
In some embodiments, the compositions contain about 35 to
about 40 micrograms of nucleic acid molecule. In some
embodiments, the compositions contain about 100 to about
200 micrograms of nucleic acid molecule. In some embodi-
ments, the compositions comprise about 10 to about 100
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions comprise about 20 to about 80
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions comprise about 25 to about 60
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions comprise about 30 nanograms to
about 50 micrograms of nucleic acid molecule. In some
embodiments, the compositions comprise about 35 nano-
grams to about 45 micrograms of nucleic acid molecule. In
some embodiments, the compositions contain about 0.1 to
about 500 micrograms of nucleic acid molecule. In some
embodiments, the compositions contain about 1 to about 350
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions contain about 25 to about 250
micrograms of nucleic acid molecule. In some embodi-
ments, the compositions contain about 100 to about 200
micrograms of nucleic acid molecule.

The compositions can be formulated according to the
mode of administration to be used. In cases where compo-
sitions are injectable pharmaceutical compositions, they are
sterile, pyrogen free and particulate free. An isotonic for-
mulation can be used. Generally, additives for isotonicity
can include sodium chloride, dextrose, mannitol, sorbitol
and lactose. In some cases, isotonic solutions such as
phosphate buffered saline are suitable. Stabilizers include
gelatin and albumin. In some embodiments, a vasoconstric-
tion agent is added to the formulation.

The compositions can further comprise a pharmaceuti-
cally acceptable excipient. The pharmaceutically acceptable
excipient can be functional molecules as vehicles, adjuvants,
carriers, or diluents. The pharmaceutically acceptable
excipient can be a transfection facilitating agent, which can
include surface active agents, such as immune-stimulating
complexes (ISCOMS), Freund’s incomplete adjuvant, LPS
analog including monophosphoryl lipid A, muramyl pep-
tides, quinone analogs, vesicles such as squalene and
squalane, hyaluronic acid, lipids, liposomes, calcium ions,
viral proteins, polyanions, polycations, or nanoparticles, or
other known transfection facilitating agents. The transfec-
tion facilitating agent is a polyanion, polycation, including
poly-L-glutamate (L.GS), or lipid. The transfection facilitat-
ing agent is poly-L-glutamate, and more suitably, the poly-
L-glutamate is present in the composition at a concentration
less than 6 mg/ml. The transfection facilitating agent can
also include surface active agents such as immune-stimu-
lating complexes (ISCOMS), Freunds incomplete adjuvant,
LPS analog including monophosphoryl lipid A, muramyl
peptides, quinone analogs and vesicles such as squalene and
squalane, and hyaluronic acid can also be used administered
in conjunction with the genetic construct. In some embodi-
ments, the plasmid compositions can also include a trans-
fection facilitating agent such as lipids, liposomes, including
lecithin liposomes or other liposomes known in the art, as a
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DNA-liposome mixture (see for example W09324640), cal-
cium ions, viral proteins, polyanions, polycations, or nan-
oparticles, or other known transfection facilitating agents. In
some embodiments, the transfection facilitating agent is a
polyanion, polycation, including poly-L-glutamate (LGS),
or lipid. Concentration of the transfection agent in the
composition is less than 4 mg/ml, less than 2 mg/ml, less
than 1 mg/ml, less than 0.750 mg/ml, less than 0.500 mg/ml,
less than 0.250 mg/ml, less than 0.100 mg/ml, less than
0.050 mg/ml, or less than 0.010 mg/ml.

The pharmaceutically acceptable excipient may be an
adjuvant. The adjuvant may be other genes that are
expressed in alternative plasmid or are delivered as proteins
in combination with the plasmid above. The adjuvant may
be selected from the group consisting of: a-interferon (IFN-
a), P-interferon (IFN-f), v-interferon, platelet derived
growth factor (PDGF), TNFa, TNFf, GM-CSF, epidermal
growth factor (EGF), cutaneous T cell-attracting chemokine
(CTACK), epithelial thymus-expressed chemokine (TECK),
mucosae-associated epithelial chemokine (MEC), 1L-12,
1L-15, MHC, CD80, CD86 including I[.-15 having the
signal sequence deleted and optionally including the signal
peptide from IgE. The adjuvant may be I1.-12, IL.-15, 1L-28,
CTACK, TECK, platelet derived growth factor (PDGF),
TNFa, TNFp, GM-CSF, epidermal growth factor (EGF),
1IL-1, 1IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-18, or a
combination thereof.

Other genes which may be useful adjuvants include those
encoding: MCP-1, MIP-1a, MIP-1p, 1L-8, L-selectin, P-se-
lectin, E-selectin, CD34, GlyCAM-1, MadCAM-1, LFA-1,
VLA-1, Mac-1, pl50.95, PECAM, ICAM-1, ICAM-2,
ICAM-3, CD2, LFA-3, M-CSF, G-CSF, IL-4, mutant forms
of IL-18, CD40, CD40L, vascular growth factor, fibroblast
growth factor, 1L.-7, nerve growth factor, vascular endothe-
lial growth factor, Fas, TNF receptor, FIt, Apo-1, p55,
WSL-1, DR3, TRAMP, Apo-3, AIR, LARD, NGRF, DR4,
DRS5, KILLER, TRAIL-R2, TRICK2, DR6, Caspase ICE,
Fos, c-jun, Sp-1, Ap-1, Ap-2, p38, p65Rel, MyD88, IRAK,
TRAF6, 1IkB, Inactive NIK, SAP K, SAP-1, INK, interferon
response genes, NFkB, Bax, TRAIL, TRAILrec, TRAIL-
recDRC5, TRAIL-R3, TRAIL-R4, RANK, RANK
LIGAND, 0x40, Ox40 LIGAND, NKG2D, MICA, MICB,
NKG2A, NKG2B, NKG2C, NKG2E, NKG2F, TAP1, TAP2
and functional fragments thereof.

The plasmid compositions can further comprise a genetic
vaccine facilitator agent as described in U.S. Ser. No.
021,579 filed Apr. 1, 1994, which is fully incorporated by
reference.

The present disclosure also provides kits comprising any
of the Mtb antigens, fragments thereof, fusion proteins,
nucleic acid molecules, CMV vectors, or cells, described
herein. The kit can include, for example, container(s), pack-
age(s) or dispenser(s) along with labels and instructions for
administration or use.

Vaccine CMV vectors and pharmaceutical compositions
may be presented in unit-dose or multi-dose containers, such
as sealed ampoules or vials. Such containers can be her-
metically sealed to preserve sterility of the formulation until
use. In general, formulations may be stored as suspensions,
solutions or emulsions in oily or aqueous vehicles. Alterna-
tively, a vaccine or pharmaceutical composition may be
stored in a freeze-dried condition requiring only the addition
of a sterile liquid carrier immediately prior to use.

The present disclosure also provides methods for treat-
ment or prevention of tuberculosis comprising administering
to a subject in need thereof at least one recombinant R\CMV
or HCMV vaccine vector as described herein. In some
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embodiments, the methods further comprise re-administer-
ing to the subject at least one recombinant RhCMV or
HCMYV vaccine vector described herein. In some embodi-
ments, the recombinant RhCMV or HCMV vaccine vector
of the re-administration is different than the recombinant
RhCMYV or HCMYV vaccine vector of the initial administra-
tion.

The present disclosure also provides methods for eliciting
an immune response to a Mtb antigen comprising adminis-
tering to a subject in need thereof at least one recombinant
RhCMV or HCMV vaccine vector as described herein.

The present disclosure also provides methods for eliciting
aCD8" or CD4™ T cell response to a Mtb antigen comprising
administering to a subject in need thereof at least one
recombinant RhCMV or HCMV vaccine vector as described
herein.

In some embodiments, the recombinant RhCMV or
HCMYV vaccine vector is administered to the subject intra-
venously, intramuscularly, intraperitoneally, intranasally, or
orally. In some embodiments, the subject is a human.

In some embodiments, any of the Mtb antigens, con-
structs, vectors, or cells described herein, or compositions
comprising the same, can be administered to a mammal as
an aerosol. In some embodiments, the aerosol inocula com-
prises saline. Conventional aerosol delivery devices include,
but are not limited to, a pressurized metered dose inhaler
(pMDI) and a dry power inhaler (DPI), both of which deliver
a dry powder formulation, and nebulizers such as the PARI
eFlow device, which delivers an aqueous dose as a fine mist.
In some embodiments, the aerosol delivery device is a Pari
eFlow portable electronic aerosol delivery platform attached
to a delivery mask. In some embodiments, the average
particle size is from about 1 um to about 10 pm, from about
1 um to about 5 um, from about 3 um to about 5 um, from
about 4 um to about 5 um, or from about 3.9 pm to about 4.9
um. In some embodiments, the aerosol is in a volume from
about 0.1 ml to about 5 ml, from about 0.1 ml to about 2 ml,
from about 0.1 ml to about 1.5 ml, from about 0.5 ml to
about 1.5 ml, from about 0.5 ml to about 1.2 ml, from about
0.7 ml to about 1.2 ml, or about 1 ml.

Effective doses of the compositions of the present disclo-
sure, for the treatment of a condition vary depending upon
many different factors, including means of administration,
target site, physiological state of the subject, whether the
subject is human or an animal, other medications adminis-
tered, and whether treatment is prophylactic or therapeutic.
Usually, the subject is a human but non-human mammals
including transgenic mammals can also be treated.

In some embodiments, the compositions can be adminis-
tered to a subject by injection intravenously, subcutaneously,
intraperitoneally, intramuscularly, intramedullarily, intra-
ventricularly, intraepidurally, intraarterially, intravascularly,
intraarticularly, intrasynovially, intrasternally, intrathecally,
intrahepatically, intraspinally, intratumorly, intracranially,
enteral, intrapulmonary, transmucosal, intrauterine, sublin-
gual, or locally at sites of inflammation or tumor growth by
using standard methods. Alternately, the compositions can
be administered to a subject by routes including oral, nasal,
ophthalmic, rectal, or topical. The most typical route of
administration is intravascular, subcutaneous, or intramus-
cular, although other routes can be effective. In some
embodiments, compositions are administered as a sustained
release composition or device, such as a Medipad™ device.
The composition can also be administered via the respiratory
tract, for example, using a dry powder inhalation device,
nebulizer, or a metered dose inhaler. The composition can
also be administered by traditional syringes, needleless
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injection devices, “microprojectile bombardment gone
guns,” or other physical methods such as electroporation
(“EP”), “hydrodynamic method”, or ultrasound.

In some embodiments, the pharmaceutical compositions
may be delivered by intranasal sprays, inhalation, and/or
other aerosol delivery vehicles. Methods for delivering
genes, nucleic acids, and peptide compositions directly to
the lungs via nasal aerosol sprays has been described e.g., in
U.S. Pat. Nos. 5,756,353 and 5,804,212 (each specifically
incorporated herein by reference in its entirety). Likewise,
the delivery of drugs using intranasal microparticle resins
(Takenaga et al., 1998) and lysophosphatidyl-glycerol com-
pounds (U.S. Pat. No. 5,725,871, specifically incorporated
herein by reference in its entirety) are also well-known in the
pharmaceutical arts. Likewise, transmucosal drug delivery
in the form of a polytetrafiuoroethylene support matrix is
described in U.S. Pat. No. 5,780,045 (specifically incorpo-
rated herein by reference in its entirety).

In some embodiments, the composition can be adminis-
tered to a subject by sustained release administration, by
such means as depot injections of erodible implants directly
applied during surgery or by implantation of an infusion
pump or a biocompatible sustained release implant into the
subject. Alternately, the composition can be administered to
a subject by injectable depot routes of administration, such
as by using 1-, 3-, or 6-month depot injectable or biode-
gradable materials and methods, or by applying to the skin
of the subject a transdermal patch containing the composi-
tion, and leaving the patch in contact with the subject’s skin,
generally for 1 to 5 hours per patch.

The present disclosure also provides methods of eliciting
an immune response against Mycobacterium tuberculosis in
a mammal comprising administering to the mammal an
immunologically sufficient amount of one or more CMV
vectors comprising one or more of the Mtb fusion proteins
described herein.

The fusion proteins and compositions described herein
can be used to treat or prevent tuberculosis. In some embodi-
ments, the method comprises administering to a human a
therapeutically- or prophylactically-effective amount of any
of the CMYV vectors or compositions described herein such
that the tuberculosis infection is diminished or prevented.

In some embodiments, the subject being treated will have
been previously diagnosed as having tuberculosis. Such
subjects will, thus, have been diagnosed as being in need of
such treatment. Alternately, the treatment may be intended to
prevent a tuberculosis infection in a subject that does not yet
have tuberculosis or to a subject that is travelling to an area
where tuberculosis is prevalent.

Treatment of a subject suffering from tuberculosis can be
monitored using standard methods. Some methods entail
determining a baseline value, for example, of an antibody
level or profile in a subject, before administering a dosage of
agent, and comparing this with a value for the profile or level
after treatment. A significant increase such as, for example,
greater than the typical margin of experimental error in
repeat measurements of the same sample, expressed as one
standard deviation from the mean of such measurements in
value of the level or profile signals a positive treatment
outcome (i.e., that administration of the agent has achieved
a desired response). If the value for immune response does
not change significantly, or decreases, a negative treatment
outcome is indicated.

In other embodiments, a control value such as a mean and
standard deviation, of level or profile is determined for a
control population. Typically the individuals in the control
population have not received prior treatment. Measured
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values of the level or profile in a subject after administering
atherapeutic agent are then compared with the control value.
A significant increase relative to the control value, such as
greater than one standard deviation from the mean, signals
a positive or sufficient treatment outcome. A lack of signifi-
cant increase or a decrease signals a negative or insufficient
treatment outcome. Administration of the therapeutic is
generally continued while the level is increasing relative to
the control value. As before, attainment of a plateau relative
to control values is an indicator that the administration of
treatment can be discontinued or reduced in dosage and/or
frequency.

In other embodiments, a control value of the level or
profile, such as a mean and standard deviation, is determined
from a control population of individuals who have under-
gone treatment with a therapeutic agent and whose levels or
profiles have plateaued in response to treatment. Measured
values of levels or profiles in a subject are compared with the
control value. If the measured level in a subject is not
significantly different, such as by more than one standard
deviation, from the control value, treatment can be discon-
tinued. If the level in a subject is significantly below the
control value, continued administration of agent is war-
ranted. If the level in the subject persists below the control
value, then a change in treatment may be indicated.

In other embodiments, a subject who is not presently
receiving treatment but has undergone a previous course of
treatment is monitored for antibody levels or profiles to
determine whether a resumption of treatment is required.
The measured level or profile in the subject can be compared
with a value previously achieved in the subject after a
previous course of treatment. A significant decrease relative
to the previous measurement, such as greater than a typical
margin of error in repeat measurements of the same sample,
is an indication that treatment can be resumed. Alternately,
the value measured in a subject can be compared with a
control value (mean plus standard deviation) determined in
a population of subjects after undergoing a course of treat-
ment. Alternately, the measured value in a subject can be
compared with a control value in populations of prophylac-
tically treated subjects who remain free of symptoms of
disease, or populations of therapeutically treated subjects
who show amelioration of disease characteristics. In all of
these cases, a significant decrease relative to the control
level, such as more than a standard deviation, is an indicator
that treatment should be resumed in a subject.

In some methods, a baseline measurement of antibody to
a given antigen in the subject is made before administration,
a second measurement is made soon thereafter to determine
the peak antibody level, and one or more further measure-
ments are made at intervals to monitor decay of antibody
levels. When the level of antibody has declined to baseline
or a predetermined percentage of the peak less baseline, such
as 50%, 25% or 10%, administration of a further dosage of
antigen is administered. In some embodiments, peak or
subsequent measured levels less background are compared
with reference levels previously determined to constitute a
beneficial prophylactic or therapeutic treatment regime in
other subjects. If the measured antibody level is significantly
less than a reference level, such as less than the mean minus
one standard deviation of the reference value in population
of subjects benefiting from treatment, administration of an
additional dosage of antigen is indicated.

Immunization schedules (or regimens) are well known for
animals (including humans) and can be readily determined
for the particular subject and immunogenic composition.
Hence, the immunogens can be administered one or more
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times to the subject. Preferably, there is a set time interval
between separate administrations of the immunogenic com-
position. While this interval varies for every subject, typi-
cally it ranges from 10 days to several weeks, and is often
2,4, 6 or 8 weeks. For humans, the interval is typically from
2 to 6 weeks. In a particularly advantageous embodiment of
the present invention, the interval is longer, advantageously
about 10 weeks, 12 weeks, 14 weeks, 16 weeks, 18 weeks,
20 weeks, 22 weeks, 24 weeks, 26 weeks, 28 weeks, 30
weeks, 32 weeks, 34 weeks, 36 weeks, 38 weeks, 40 weeks,
42 weeks, 44 weeks, 46 weeks, 48 weeks, 50 weeks, 52
weeks, 54 weeks, 56 weeks, 58 weeks, 60 weeks, 62 weeks,
64 weeks, 66 weeks, 68 weeks or 70 weeks.

In some embodiments, the subject(s) that can be treated
by the above-described methods is an animal, such as a
mammal, including, but are not limited to, humans, non-
human primates, rodents (including rats, mice, hamsters and
guinea pigs) cow, horse, sheep, goat, pig, dog and cat. In
most instances, the mammal is a human.

The present disclosure also provides CMV/TB vectors as
described herein for use in the preparation of a medicament
for treating or preventing a Mycobacterium tuberculosis
infection.

The present disclosure also provides CMV/TB vectors as
described herein for use in treating or preventing a Myco-
bacterium tuberculosis infection.

The present disclosure also provides uses of CMV/TB
vectors as described herein in the preparation of a medica-
ment for treating or preventing a Mycobacterium tubercu-
losis infection.

The present disclosure also provides uses of CMV/TB
vectors as described herein in treating or preventing a
Mycobacterium tuberculosis infection.

The present disclosure also provides any of the CMV/TB
vectors as described herein, or any of the compositions
described herein, or any of the cells described herein, or any
of the methods described herein, or any of the uses described
herein, substantially as described with reference to the
accompanying examples and/or figures.

The following representative embodiments are presented:
Embodiment 1

A recombinant RhCMV or HCMV vector comprising a
nucleic acid sequence encoding an expressible Mtb antigen
selected from Ag85A-Ag85B-Rv3407, Rv1733-Rv2626c,
RpfA-RpfC-RpfD, Ag85B-ESAT6, and Ag85A-ESAT6-
Rv3407-Rv2626¢-RpfA-RpiD.

Embodiment 2

The recombinant RhCMV or HCMV vaccine vector of
embodiment 1, wherein expression of the Mtb antigen is
driven by an antigen-coding sequence in operable associa-
tion with a promoter selected from the group consisting of
a constitutive CMV promoter, an immediate early CMV
promoter, an early CMV promoter, and a late CMV pro-
moter.

Embodiment 3

The recombinant RhCMV or HCMV vaccine vector of
embodiment 2, wherein the promoter is selected from the
group consisting of EF1-alpha, UL82, MIE, pp65, and gH.
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Embodiment 4

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 3, comprising a deletion or
modification of US2, US3, US4, US5, US6, US11, or UL97,
or a homolog thereof.

Embodiment 5

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 4, comprising a deletion of
Rh158-166 or a homolog thereof.

Embodiment 6

The recombinant RbCMV or HCMV vaccine vector of
any one of embodiments 1 to 5, wherein the RhCMV or
HCMYV vaccine vector is a tropism-restricted vector.

Embodiment 7

The recombinant RbCMV or HCMV vaccine vector of
embodiment 6, wherein the tropism-restrictive vector lacks
genes required for optimal growth in certain cell types or
contains targets for tissue-specific micro-RNAs in genes
essential for viral replication or wherein the tropism-restric-
tive vector has an epithelial, central nervous system (CNS),
or macrophage deficient tropism, or a combination thereof.

Embodiment 8

The recombinant RbCMV or HCMV vaccine vector of
any one of embodiments 1 to 7, wherein the RhCMV or
HCMYV vaccine vector has a deletion in a gene region
non-essential for growth in vivo.

Embodiment 9

The recombinant RbCMV or HCMV vaccine vector of
embodiment 8, wherein the gene region is selected from the
group consisting of the RLL11 family, the pp65 family, the
US12 family, and the US28 family.

Embodiment 10

The recombinant Ri\CMYV vaccine vector of embodiment
9, wherein the RhCMV gene region is selected from the
group consisting of Rh13-Rh29, Rh111-Rh112, Rh191-
Rh202, and Rh214-Rh220, or wherein the RhCMV gene
region is selected from the group consisting of Rh13.1,
Rh19, Rh20, Rh23, Rh24, Rh112, Rh190, Rh192, Rh196,
Rh198, Rh199, Rh200, Rh201, Rh202, and Rh220.

Embodiment 11

The recombinant HCMV vaccine vector of embodiment
9, wherein the HCMV gene region is selected from the group
consisting of RL11, UL6, UL7, UL9, UL11, UL83 (pp65),
US12, US13, US14, US17, US18, US19, US20, US21, and
UL28.

Embodiment 12

The recombinant RbCMV or HCMV vaccine vector of
any one of embodiments 1 to 11, wherein the vector com-
prises a deletion in a RhCMV or HCMV gene that is
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essential for replication within a host, dissemination within
a host, or spreading from host to host.

Embodiment 13

The recombinant RhCMV or HCMV vaccine vector of
embodiment 12, wherein the essential gene is UL.94, UL32,
UL99, UL115, or UL44, or a homolog thereof.

Embodiment 14

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 13, wherein the vector com-
prises a deletion in gene UL82/pp71 or a homolog thereof.

Embodiment 15

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 14, wherein the vector further
comprises a second nucleic acid sequence encoding US2,
US3, or US6, or a homolog thereof, wherein the vector does
not encode a functional US11.

Embodiment 16

The recombinant RhCMV or HCMYV vaccine vector of
embodiment 15, wherein the second nucleic acid sequence
encodes US2, US3, and US6.

Embodiment 17

The recombinant RhCMV or HCMV vaccine vector of
embodiment 15 or embodiment 16, wherein the nucleic acid
encoding a US11 open reading frame is deleted.

Embodiment 18

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiment s 15 to 17, further comprising a third
nucleic acid sequence encoding US11, and wherein the
nucleic acid sequence encoding US11 comprises a point
mutation, a frameshift mutation, and/or a deletion of one or
more nucleotides of the nucleic acid sequence encoding
USI1I.

Embodiment 19

The recombinant RhCMV or HCMYV vaccine vector of
embodiment 18, wherein the vector lacks the tegument
protein pp65.

Embodiment 20

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 19, wherein the vector does not
express an active UL130 protein.

Embodiment 21

The recombinant RhCMV or HCMV vaccine vector of
any one of embodiments 1 to 20, wherein the RhCMV
vaccine vector is Rh68-1 or Rh68-1.2.

Embodiment 22

The recombinant RhCMV or HCMV vaccine vector of
embodiment 1 further comprising a microRNA recognition
element (MRE) operably linked to a CMV gene that is
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essential or augmenting for CMV growth, and wherein the
MRE silences expression in the presence of a microRNA
that is expressed by a cell of myeloid lineage.

Embodiment 23

A pharmaceutical composition comprising the recombi-
nant RhCMV or HCMV vaccine vector of any one of
embodiments 1 to 22, and a pharmaceutically acceptable
carrier.

Embodiment 24

A method for treatment or prevention of tuberculosis
comprising administering to a subject in need thereof at least
one recombinant RhCMV or HCMV vaccine vector of any
one of embodiments 1 to 22.

Embodiment 25

The method of embodiment 24, further comprising re-
administering to the subject at least one recombinant
RhCMYV or HCMV vaccine vector of any one of embodi-
ments 1 to 22.

Embodiment 26

The method of embodiment 25, wherein the recombinant
RhCMV or HCMYV vaccine vector of the re-administration
is different than the recombinant RhCMYV or HCMV vaccine
vector of the initial administration.

Embodiment 27

A method for eliciting an immune response to a Mtb
antigen comprising administering to a subject in need
thereof at least one recombinant RhCMV or

HCMYV vaccine vector of any one of embodiments 1 to 22.

Embodiment 28

A method for eliciting a CD8+ or CD4+ T cell response
to a Mtb antigen comprising administering to a subject in
need thereof at least one recombinant Rh\CMV or HCMV
vaccine vector of embodiment 20.

Embodiment 29

The method of any one of embodiments 24 to 28 wherein
the recombinant RhCMV or HCMV vaccine vector is
administered to the subject intravenously, intramuscularly,
intraperitoneally, intranasally, or orally.

Embodiment 30

The method of any one of embodiments 24 to 29 wherein
the vector is an HCMV vector and the subject is a human.

Embodiment 31

A Mtb antigen selected from Ag85B-ESAT6 and Ag85A-
ESAT6-Rv3407-Rv2626¢-RpfA-RpfD.

Embodiment 32

The Mtb antigen of embodiment 31 which is Ag85A-
ESAT6-Rv3407-Rv2626¢-RpfA-RpfD.
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In order that the subject matter disclosed herein may be
more efficiently understood, examples are provided below. It
should be understood that these examples are for illustrative
purposes only and are not to be construed as limiting the
claimed subject matter in any manner Throughout these
examples, molecular cloning reactions, and other standard
recombinant DNA techniques, were carried out according to
methods described in Maniatis et al., Molecular Cloning—A
Laboratory Manual, 2nd ed., Cold Spring Harbor Press
(1989), using commercially available reagents, except
where otherwise noted.

EXAMPLES
Example 1: CMV/TB Vectors

Particular aspects provide recombinant HCMV/TB vec-
tors that can be growth-modulated in vivo (e.g., by oral
administration of the antibiotic doxycycline). Heterologous
antigen expression may be under the control of promoters of
different kinetic classes with respect to the CMV infection
cycle (e.g., EFlo—constitutive; MIE—immediate early;
pp65—early; gH—late).

In particular embodiments, HCMV/TB vectors lack
immune modulatory genes (e.g., Rh158-166 and Rh182-
189) to enhance vector immunogenicity, safety and heter-
ologous gene carrying capacity of the vector. For example,
HCMV encodes at least four different gene products,
gpUS2, gpUS3, gpUS6 and gpUSI11 that interfere with
antigen presentation by MHC 1. All four HCMV MHC
evasion molecules are encoded in the unique short region of
HCMYV and belong to the related US6 gene family Addi-
tional HCMV immunomodulators include, but are not lim-
ited to UL118, UL119, UL36, UL:37, UL11la, UL146,
UL147, etc. Likewise, RhCMYV contains analogous immune
modulatory genes, that can be deleted or modified to
enhance vector immunogenicity, safety and heterologous
gene carrying capacity of the inventive vaccine vectors.

In additional embodiments, HCMV/TB are further opti-
mized for anti-TB immunogenicity by insertion of multiple
antigen genes, such as those disclosed herein. Alternatively,
several vectors, each having a single inserted antigen may be
used for co-administration.

In additional embodiments, HCMV/TB vectors contain
LoxP sites strategically placed in the CMV genome to flank
an essential region of the viral genome, in combination with
a tetracycline (Tet)-regulated Cre recombinase.
Construction and Characterization of the RhCMV BAC.

The development of BAC technology to clone large
segments of genomic DNA coupled with sophisticated A
phage-based mutagenesis systems has revolutionized the
field of herpes virology enabling genetic approaches to
analyze the virus. Applicants have used this system, for
example, to construct an RhCMV BAC(RWCMV BAC-Cre)
containing the complete RhCMV strain 68-1 genome. The
RhCMV BAC-Cre was derived from an infectious, patho-
genic RhCMV 68-1/EGFP recombinant virus. RhCMV
BAC-Cre contains a BAC cassette inserted at a single LoxP
site within the Rh181 (US1)/Rh182 (US2) intergenic region
of RhCMVvLoxP. Insertion of the BAC cassette at this site
results in the generation of LoxP sequences flanking the
cassette. As the BAC cassette contains a Cre gene that is
expressed in eukaryotic cells, transfection of this “self-
excising” RhCMV BAC-Cre into fibroblasts results in effi-
cient excision of the BAC cassette, reconstituting virus
(designated RhCMVvLoxP). Characterization of the growth
of'the BAC-reconstituted virus (RhCMVvLoxP) in vitro and
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in vivo demonstrates that the various genetic manipulations
did not alter the WT properties of the virus. The genomic
structure of RhCMVvLoxP is identical to that of WT
RhCMYV except for the residual LoxP site. The presence of
the LoxP sequence does not alter the expression profiles of
neighboring Rh181 (US1) and Rh182 (US2) or distal (IE2)
genes. RkCMVvLoxP replicates with WT kinetics both in
tissue culture and in RhCMV seronegative immunocompe-
tent RMs (n=2). Analysis of tissues from one animal termi-
nated at 6 months post-inoculation demonstrated the pres-
ence of both RhRCMV DNA and IE1-expressing cells in the
spleen, consistent with the persistent gene expression
observed in previous studies with WT virus. Both RMs
developed vigorous anti-RhCMV antibody titers compa-
rable to those observed in naturally infected animals. Taken
together, these observations demonstrate that RhCMVv-
LoxP is phenotypically WT and is suitable to construct
site-specific alterations for the development of vaccine vec-
tors.

Example 2: Non-Human Primate Study #1

This challenge included four treatment groups: 1) naive
non-human primates (NHPs) (e.g., Rhesus Macaques) (i.e.,
unvaccinated controls) (n=8); 2) NHPs vaccinated with
BCG alone (n=7); 3) NHPs vaccinated with a cocktail of
CMV/TB vectors alone (n=7); and 4) NHPs vaccinated with
BCG and a cocktail of CMV/TB vectors. The naive NHPs
were CMV-seropositive. The NHPs vaccinated with BCG
were vaccinated with 0.1 ml intradermally with Statens
Serum Institute (SSI) BCG vaccine. The NHPs vaccinated
with a cocktail of CMV/TB vectors were vaccinated with
four Rh68-1 vectors (encoding fusion proteins comprised of
Ag85A-Ag85B-Rv3407, Rv1733-Rv2626, RpfA-RpfC-
RpiD, and Ag85B-ESAT6). The NHPs vaccinated with BCG
and a cocktail of CMV/TB vectors were primed with the SSI
BCG and boosted with the same cocktail of the four Rh68-1
vectors as above. The NHPs who received the CMV/TB
vectors received 5x10° PFU (plaque forming unit) of CMV/
TB vector cocktails subcutaneously at weeks 6 and 21. The
two BCG groups were given BCG at Week 0. At Weeks 6
and 21, the two CMV/TB vectors groups were immunized
with the cocktail of RhCMV/TB vectors. NHP were chal-
lenged with Mycobacterium tuberculosis at Week 49. End-
points included longitudinal CT scanning, gross pathology
and bacterial burden.

Three of the four vectors used in this study encode
classical, latency and resuscitation antigen cassettes (encod-
ing fusion proteins comprised of Ag85A-Ag85B-Rv3407,
Rv1733-Rv2626, and RpfA-RpfC-RpfD, respectively).
NHP received SE6 pf/RhCMV vector, delivered subcuta-
neously. Also included was a Rh68-1 vector encoding a
fusion protein comprised of Ag85AB and ESAT6.

Immunogenicity of these vectors was evaluated using
intracellular cytokine staining FIG. 1 shows CD4+ and
CD8+ T cell responses. PBMCs were assayed for each of the
9 antigens.

FIGS. 2A, 2B, 2C, and 2D show ESAT-6-specific
responses following vaccination. FIGS. 3A, 3B, 3C, and 3D
show Rv1733-specific responses following vaccination.
FIGS. 4A, 4B, 4C, and 4D show RpfC-specific responses
following vaccination. FIGS. 5A, 5B, 5C, and 5D show
Ag85B-specific responses following vaccination. FIGS. 6A
and 6B show Ag85A-specific responses following vaccina-
tion. FIGS. 7A and 7B show Rv3407-specific responses
following vaccination. FIGS. 8A and 8B show Rv2626-
specific responses following vaccination. FIGS. 9A and 9B
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show Rpm-specific responses following vaccination. FIGS.
10A and 10B show RpfA-specific responses following vac-
cination.

FIG. 11 shows the phenotypic differentiation of BCG- and
RhCMV-induced T cells in blood.

FIG. 12 shows that these Rh68-1 vectors, as expected,
induce CD8 T cells that are primarily restricted by MHC I1.

The RhCMYV vectors were highly immunogenic, showing
robust responses in both peripheral blood mononuclear cells
(PBMCs) as well as bronchoalveolar lavage (BAL). Vacci-
nation with Rh68-1 also significantly reduced disease pro-
gression as compared to naive controls.

Efficacy was evaluated by several means, including CT
scan analysis (volume of lung involvement), necropsy score
(size, number and distribution of gross lesions; lung, lung-
draining lymph nodes, and total (which includes distant
dissemination)), and necropsy Mycobacterium tuberculosis
cultures (40 lung samples by sterology (30 right; 10 left); 9
lymph nodes (6 lung draining and 3 non-mediastinal); and 9
extra-pulmonary tissues (5 liver, 2 kidney, spleen, and
pancreas)).

For pulmonary necropsy scoring, individual lobes were
scored on 5 mm sections. The following scores were given
for granuloma prevalence: no visible lesions=1; 1-3
lesions=2; 4-10 lesions=3; 11-15 lesions=4; 16-20
lesions=5; >20 lesions=6; and Miliary <50% of lobe=7. The
following scores were given for largest granuloma size:
none visible=1; <1-2 mm=2; 3-4 mm=3; 5-10 mm=4; 11-20
mm=5; >20 mm=6; confluent or miliary lesions involving
<50% of lobe=7; and confluent or miliary lesions involving
>50% of lobe=8. The following scores were given for
additional scoring criteria (1=absent; 2=present): parietal
pleural adhesions associated with granulomatous disease,
parietal pleural thickening associated with granulomatous
disease; granulomatous disease with cavitation, and granu-
lomatous disease involving parietal pleura, diaphragm or
body wall.

For thoracic lymph node necropsy scoring, the following
scores were given for size: nodes visible but not enlarged
(=5 mm)=0; nodes visibly enlarged (=<5-10 mm)
(unilateral)=1; nodes visibly enlarged (<5-10 mm) (bilat-
eral)=2; and nodes visibly enlarged (>1 cm) (unilateral/
bilateral)=3. The following scores were given for granuloma
prevalence: no granulomas visible on capsular or cut sur-
face=0; focal or multifocal, circumscribed, non-coalescing
granulomas <2 mm=1; coalescing solid or caseous granu-
lomas occupying <50% of node=2; coalescing solid or
caseous granulomas occupying >50% of node=3; and com-
plete granulomatous nodal effacement=4. The following
scores were given for additional scoring criteria (absent=1;
present=2): other thoracic lymph nodes.

For liver and spleen necropsy scoring, the following
scores were given for prevalence: no visible granulomas=0;
1-3 visible granulomas=1; 4-10 visible granulomas=2; >10
visible granulomas=3; and miliary pattern=4. The following
scores were given for granuloma size: none present=0; <1-2
mm=1; 3-4 mm=2; and >4 mm=3.

For miscellaneous organs and tissue, the following scores
were given for prevalence: no visible granulomas=0; 1-3
visible granulomas=1; 4-10 visible granulomas=2; >10 vis-
ible granulomas=3; and miliary pattern=4. The following
scores were given for granuloma size: none present=0; <1-2
mm=1; 3-4 mm=2; and >4 mm=3.

FIG. 13 shows the correlation of various efficacy criteria
(i.e., necropsy <16 weeks for cause, and >16 weeks ran-
domized) for a bi-weekly and pre-necropsy CT Scan (lung
disease only). The necropsy score accounted for the size,

5

10

15

20

25

30

35

40

45

50

55

60

65

54

number and distribution of gross lesions in the lung, lung
draining lymph nodes, and distal sites. In particular, 40 lung
samples (30 right; 10 left), 9 lymph nodes (6 lung draining
and 3 non-mediastinal), and 9 extra-pulmonary tissue (5
liver, 2 kidney, spleen, and pancreas) were analyzed by
sterology. FIG. 14 shows CT Scans at 14 weeks post-
infection. FIG. 15 shows the quantification of pulmonary
disease by CT scan. FIG. 16 shows the gross pathology
scores. These scores reflect the number of granulomas
present, the size of the granulomas, and any complex
pathologies (pleural thickening, pneumonia, etc). Included
are overall scores (which include lung, lung draining lymph
nodes, liver and spleen), as well as separated scores for the
lung and lung draining lymph nodes. FIGS. 17 and 18 show
the extent of disease and dissemination. RhCMV/TB vector
vaccination alone achieved 73% efficacy against overall
disease spread, which was statistically superior to both
unvaccinated and BCG vaccination alone. Monkeys primed
with BCG 6 weeks before RiCMV/TB vaccination were
still significantly protected against overall disease spread,
but protection was less than that observed in the RhnCMV/
TB vaccination alone. FIG. 19 shows the extent of disease
and dissemination in non-lung samples. FIG. 20 shows the
extent of disease and dissemination in lymph nodes.

FIG. 21 shows comparative T cell response analysis. FIG.
22 shows correlation of CD4 T cell responses with extra-
pulmonary spread. FIG. 23 shows correlation of CD8 T cell
responses with extrapulmonary spread. In summary, the
strongest correlate is between peak ESAT6-specific CD4+ T
cell responses in blood after first CMV vector vaccination
(correlation weakens but is still significant after exclusion of
BCG group). Blood response correlates are strongest for
extent of extrapulmonary disease (vs. extent of lung dis-
ease). The “best” blood CD4+ responses are: ESAT6, RpfA,
RpiD, Rv2626, Rv3407. The “best” blood CD8+ responses:
same as CD4+Ag 85A and 85B. Few BAL responses cor-
relate with outcome.

FIG. 24 shows confirmation of infection by immune
analysis, whereby CFP10, an Mtb antigen not included in
the RhCMV constructs, was used to confirm infection by
detection of de novo immune responses. FIG. 25 shows
post-challenge immune responses in PBMCs.

FIGS. 26 and 27 show CD4 T cell responses post-
necropsy. FIG. 28 shows antigen-specific CD4 T cell
responses in lymph nodes analyzed post-necropsy. FIGS. 29
and 30 show CD8 T cell responses post-necropsy. FIG. 31
shows antigen-specific CD8 T cell responses in lymph nodes
analyzed post-necropsy. Overall, TB infection-elicited
CFP10-specific CD4+ and CDS8+ T cell responses are similar
between all RM groups. CMV vectors maintain higher
frequencies of TB insert-specific CD4+ T cells responses in
PBMC, BM, spleen and lung for all inserts except ESAT6.
This difference is less apparent in LN samples, except for
RpfA and RpfD (although in certain LNs, RpfC, 85A,
Rv2623, and Rv3407 Ag responses are also highest in the
CMYV vector vaccinated group). TB insert specific CD8+ T
cell responses are more variable (and tend to be higher in
unvaccinated RM), but responses to RpfA, RpfD, 85A,
Rv2626 and Rv3407 still tend to be higher in CMV vector-
vaccinated animals in most tissues.

FIG. 32 shows post-necropsy correlation between splenic
CD4 T cell responses and lymph node culture. A correlation
of CD4+ responses to non-lung disease was observed for
Ag85A, RpfA, RpiD, Rv2626, and Rv3407 (moderate to
strong), as well as for Ag85B and RpfC (although weaker).
A correlation of CDS8+ responses to lung disease was
observed for RpfA and RpfD (moderate), as well as for
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ESATG6 (although weaker). A correlation of CD8+ responses
to non-lung disease was observed for Ag85A, RpfA, and
RpiD (strong), as well as for Rv2626, Rv3407, and Ag85B
(moderate). Peak ESAT6-specific responses (particularly
CD4+) during vaccination correlated with reduced extra-
pulmonary disease after challenge, but not at necropsy (as
TB infection eventually induced high frequency ESAT6-
specific responses in all animals).

In general, CMV vectors elicit and maintain higher TB
insert-specific CD4+ and CD8+ T cell responses than BCG.
These responses are associated with significant protection
against both pulmonary and extra-pulmonary disease pro-
gression. BCG was associated with, at best, a trend towards
modest pulmonary protection, but extra-pulmonary disease
was no different than that of unvaccinated controls. Indeed,
the administration of BCG prior to CMV vector vaccination
partially abrogated CMV vector-mediated protection, in
particular for extra-pulmonary spread. T cell responses to
some, but not all, TB inserts were lower in some tissues in
the animals receiving both BCG and CMV vectors com-
pared to those receiving CMV vectors alone, but it remains
to be determined whether this or another mechanism (e.g.,
BCG elicited responses promoting bacterial spread) account
for the reduced protection associated the BCG “prime.”
Correlates of protection were stronger for extra-pulmonary
disease than pulmonary disease and point to RpfA, RpfD,
Ag85A, Rv2626 and Rv3407 (and possibly ESAT6) being
the most effective vaccine inserts.

In summary, RhCMV/TB vector-vaccinated RM show
significantly reduced disease (both pulmonary and extra-
pulmonary) by all criteria. RhCMV/TB vectors elicited and
maintained higher (and qualitatively different) TB insert-
specific CD4+ and CD8+ T cell responses than BCG.
RhCMV/TB vector vaccination provided significant protec-
tion against both pulmonary and extra-pulmonary disease
progression (73% overall). BCG was associated with a trend
towards modest pulmonary protection compared to unvac-
cinated controls, but extra-pulmonary disease was no dif-
ferent than that of unvaccinated controls. The combination
of BCG and RhCMV/TB vectors is less effective than
RhCMV/TB vector vaccination alone with the BCG com-
ponent reducing both pulmonary and extra-pulmonary pro-
tection. RACMV/TB vector-vaccinated RM may manifest a
marked enhanced early response to infection in carinal LNs.
The outcome (extra-pulmonary spread) predominantly cor-
related with CD4+ T cell responses to Ag85A, Rpf-A/C/D,
Rv3407, Rv2626, and ESAT6.

Example 3: Non-Human Primate Study #2

The second study was designed to confirm and extend
previous findings of CM V-induced protection against Myco-
bacterium tuberculosis in rhesus macaques. In the original
study, significant protection was induced by a cocktail of
CMV vectors (strain 68-1), encoding a total of 9 antigens.

The second NHP study consisted of four vaccine groups:
1) Strain 68-1 RhCMV/TB-9Ag vector set (n=9); 2) Strain
68-1.2 RhCMV/TB-9Ag vector set (n=9); 3) Strain 68-1
RhCMV/TB-6Ag single vector (n=9); and 4) unvaccinated.
Group 1) consisted of Macaques vaccinated with a cocktail
of four Rh68-1 vectors (encoding fusion proteins comprised
of Ag85A-Ag85B-Rv3407, Rv1733-Rv2626, RpfA-RpfC-
RpiD, and Ag85B-ESAT6). Group 2) consisted of Macaques
vaccinated with a cocktail of four Rh68-1.2 vectors (encod-
ing fusion proteins comprised of Ag85A-Ag85B-Rv3407,
Rv1733-Rv2626, RpfA-RpfC-RpfD, and Ag85B-ESAT6).
Group 3) consisted of Macaques vaccinated with a single
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Rh68-1 vector (encoding a fusion protein comprised of
Ag85A-ESAT6-Rv3407-Rv2626¢-RpfA-RpiD).

At weeks 0 and 14, NHP in Groups 1)-3) were vaccinated
with the RhCMV/TB vectors described above. NHP were
challenged with Mycobacterium tuberculosis (Erdman E11-
10 mTB at 10 CFU given intrabronchially) at week 55.
There was not BAL post-challenge. The outcomes analyzed
were the same as those described above in Example 2.

The 4 Rh68-1 vectors used in the first study were used
again here (see above for information on construction).
Three of the four Rh68-1.2 vectors used in this study encode
classical, latency and resuscitation antigen cassettes (encod-
ing fusion proteins comprised of Ag85A-Ag85B-Rv3407,
Rv1733-Rv2626, and RpfA-RpfC-RpfD, respectively). The
Rh68-1 vector encoding a six-antigen fusion protein (com-
prising antigens Ag85A, ESAT6, Rv3407, Rv2626, RpfA
and RpfD) and Rh68-1.2 vector encoding Ag85B and
ESAT6 were also used.

Immunogenicity of these vectors was evaluated using
intracellular cytokine staining FIG. 33 shows PBMC
immune responses following vaccination with RhnCMYV vec-
tors; all vaccines showed robust immunogenicity. FIG. 34
shows comparing immunogenicity induced by each RhCMV
vector; all vaccines showed equivalent immunogenicity to
common inserts. FIG. 35 shows BAL immune responses
following vaccination with RhCMV vectors. In addition, for
Strain 68-1 RhCMV/TB vectors (UL128/UL130-deleted),
all CD8+ T cell responses were MHC-II- and MHC-E-
restricted, whereas for Strain 68-1.2 RhCMV/TB vectors
(UL128/UL130-intact), all CD8+ T cell responses were
MHC-Ia-restricted (data not shown).

FIG. 36 shows Peripheral blood CFP10-specific T cell
responses post-Mtb challenge. All monkeys showed de novo
responses to Mtb post challenge. FIG. 37 shows clinical
outcome data from longitudinal CT scans, which is used to
quantify the volume of lung disease present post-challenge.
There is clear evidence of protection in each of the vacci-
nated groups. FIGS. 38 and 39 show a necropsy score and
culture, respectively. FIG. shows overall efficacy of Strain
68-1 RhCMV/TB vectors. FIG. 41 shows late disease reso-
Iution in a Strain 68-1 RhnCMV/TB-6Ag single vector vac-
cination. FIG. 42 shows, at necropsy, the monkey mani-
fested a pathologic extent of a disease score of 10 with only
a single Mtb culture. The data suggests that Strain 68-1
RhCMYV vector-elicited T cell responses may not only be
able to prevent development of TB lesions, but may also be
capable of mediating their regression.

In summary, low dose (10 bacteria) Erdman E11-10 strain
mTB challenge resulted in considerably less aggressive
disease than previous studies using a >25 bacteria challenge
dose, but all unvaccinated controls still showed both pul-
monary and draining LN disease. Strain 68-1 RhCMV/TB
vector vaccination, either the 9 Ag vector set, or the single
6 Ag insert vector, provided striking protection against both
pulmonary and extra-pulmonary disease after low dose mTB
challenge: 1) 10 of 18 NHPs (56%) with no pathologic
evidence of infection (7 of which were also completely
culture negative) vs. 0% of unvaccinated controls; and 2) 12
of 18 NHPs (67%) with less disease (as measured by both
Path Score and Culture) than the unvaccinated control with
the least extent of disease progression; and 3) efficacy of the
Strain 68-1 RhCMV/TB-6Ag single vector =Strain 68-1
RhCMV/TB-9Ag vector set. Strain 68-1.2 RhnCMV/TB-9Ag
vaccination resulted in significant overall protection.

In addition, Strain 68-1 RhCMV/TB vector vaccination
protects highly TB susceptible rhesus macaques from pro-
gressive pulmonary and extra-pulmonary TB disease after
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both high and low dose intrabronchial Erdman strain mTB
challenge. In the high dose challenge model, BCG was not
significantly protective and the combination of BCG and
Strain 68-1 RhCMV/TB vector vaccination was less protec-
tive than Strain 68-1 RhCMV/TB vector vaccination alone.
Current data suggest vector-elicited CD4+ T cell responses
are the primary protective correlate. To date, the single 6 Ag
(polyprotein) expressing RhCMV vector provides the best
overall protection, but it remains possible that different or
additional TB Ag inserts would increase efficacy.

Example 4: General Methodology for Studies #3
and #4

Rhesus Macaques:

Sixty-five purpose-bred, pedigreed, male RM (Macaca
mulatta) of Indian genetic background were used in studies
3 and 4. At assignment, these RM were specific-pathogen
free (SPF) as defined by being free of Macacine herpesvirus
1, D-type simian retrovirus, simian T-lymphotrophic virus
type 1, simian immunodeficiency virus, and Mtbh. All RM
used in this study were housed at the Oregon National
Primate Center (ONPRC) in Animal Biosafety level
(ABSL)-2 (vaccine phase) and ABSL-3 rooms (challenge
phase) with autonomously controlled temperature, humidity,
and lighting. RM were single cage housed due to the
infectious nature of the study and had visual, auditory and
olfactory contact with other animals. Because the RM were
single cage housed, an enhanced enrichment plan was
designed and overseen by nonhuman primate behavior spe-
cialists. RM were fed commercially prepared primate chow
twice daily and received supplemental fresh fruit or veg-
etables daily. Fresh, potable water was provided via auto-
matic water systems. All RM were observed twice daily to
assess appetite, attitude, activity level, hydration status and
evidence of disease (tachypnea, dyspnea, coughing). Physi-
cal exams including body weight and complete blood counts
were performed at all protocol time points. RM care and all
experimental protocols and procedures were approved by
the ONPRC. The ONPRC is a Category I facility. The
Laboratory Animal Care and Use Program at the ONPRC is
fully accredited by the American Association for Accredi-
tation of Laboratory Animal Care (AAALAC), and has an
approved Assurance (#A3304-01) for the care and use of
animals on file with the NIH Office for Protection from
Research Risks. The IACUC adheres to national guidelines
established in the Animal Welfare Act (7 U.S.C. Sections
2131-2159) and the Guide for the Care and Use of Labora-
tory Animals (8th Edition) as mandated by the U.S. Public
Health Service Policy.

Animal Procedures:

RM were sedated with ketamine HCI or Telazol® for
intradermal and subcutaneous vaccine administration, veni-
puncture, bronchoalveolar lavage, lymph node biopsy, intra-
bronchial Mtb inoculation and computed tomography (CT)
procedures. Mtb Erdman KO1 was diluted in saline, lightly
sonicated and bacteria were delivered to a segmental bron-
chus in the right caudal lung lobe using a bronchoscope. The
RM in Studies 3 and 4 received 25 and 10 colony forming
units (CFU), respectively, in a volume of 2 ml. Pre- and
post-challenge axial CT scans (2.5 mm slices) were obtained
using a multi-section CT scanner using helical technique,
collimation 3 mm and pitch 1.5 (CereTom, Neurologica
Corp., Danvers, Mass.) and reconstructed as 1.25 mm slices
to improve detection sensitivity. Nonionic iodinated contrast
(Isovue 370, 1-2 ml/kg, Bracco Diagnostics, Princeton N.J.)
was administered IV at a rate of 1-2 ml/s. CT scans were
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obtained with 120 kVp and 200 mA. All animals were
imaged pre-challenge, at two-week intervals for the duration
of'the studies and immediately prior to necropsy. Scans were
interpreted by a veterinarian who was blinded to the identity
of the subject. Lesion area in sequential scans was deter-
mined from transverse slices through entire lung fields using
the IMPAX 6.5.5.3020 software area tool (AGFA Health-
Care N.V., Mortsel, Belgium) and lesion volume determined
by multiplying area by 1.25. One RM developed extensive
bilateral miliary disease with estimated lesion volume >200,
000 mm® and no further attempts to estimate lesion volume
were made in this animal.

Necropsy:

The humane criteria for removing RM with end-stage TB
from the studies are as follows: 1) marked lethargy, 2) severe
dyspnea at rest and/or failure to maintain adequate oxygen-
ation (85%) based on pulse oximetry or blood gas analysis,
3) hemoptysis, 4) weight loss (>15% in 2 weeks; >25% over
any time course in an adult animal), 5) hypothermia <96° F.
with supplemental heating, 6) persistent anemia (<20% for
2 weeks), 7) dehydration unresponsive to oral rehydration
therapy for 3 days, 8) non-responsiveness to therapy for
spontaneous diseases conditions, 9) poor appetite, requiring
more than 3 orogastric tube feedings in 7 days, 10) obtun-
dation, 11) neurologic deficits, and 12) persistent self-
injurious behavior unresponsive to a change in location or
enrichment. RM that manifested one or more of these
end-stage criteria were immediately necropsied. RM that
remained clinically well after post-infection week 16 were
randomized and scheduled for euthanasia and necropsy at
the rate of two per week. There were 3 exceptions to this
general rule of necropsy initiated by end-stage disease
criteria or randomization (designated as “other”). One non-
end-stage RM (D1) in Study 3 was euthanized on the same
day as an end-stage RM because the IACUC does not permit
housing a single RM alone in a room. Two additional RM
(N1, N3) in Study 3 were euthanized because of failure to
maintain adequate oxygenation following a bronchoalveolar
lavage procedure that was not attributable to end-stage Mtb
disease. To avoid this issue in Study 4, BALs were not
performed after challenge in this study.

At the humane or scheduled endpoint RM were euthan-
ized with sodium pentobarbital overdose (>50 mg/kg) and
exsanguinated via the distal aorta. The necropsy procedure
included complete gross pathologic evaluation of abdominal
organs and tissues and the brain prior to entering the thoracic
cavity to avoid contamination. Macroscopic granulomas in
liver, spleen, kidney and the brain were counted, measured
and photographed in serial 5 mm tissue slices whereas
granulomas occurring in extra thoracic lymph nodes, the
gastrointestinal tract and soft tissues were collected, mea-
sured and photographed with minimum sectioning and given
a numeric point value score using a semi-quantitative grad-
ing system (see, FIG. 48). Granulomas (=<10) occurring in
these tissues were bisected and one half collected in pre-
weighed sterile media tubes for mycobacterial culture (see
below) and the remaining half immersed in 10% neutral-
buffered formalin for histologic analysis. Representative
granulomas were selected for mycobacterial culture and
histology from tissues with >10 granulomas. Single small
granulomas (=1 mm) were utilized entirely for bacteriology.
Representative samples of all abdominal organs and tissues
and the brain were collected and then fixed in 10% neutral-
buffered formalin for histologic analysis. Additional samples
from these tissues were collected for mononuclear isolation
and for mycobacterial culture. The pleura and thoracic wall
were examined on entering the thoracic cavity and macro-
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scopic granulomas and adhesions were collected, counted,
measured, photographed, scored as described (see, FIG. 48)
and sampled for quantitative bacteriology and histology. The
thoracic viscera were removed en bloc, and then transferred
to a sterile cutting board for examination and dissection.
Extreme care was taken to avoid mycobacterial contamina-
tion of thoracic tissues by spillage of granuloma contents
during dissection, and this was accomplished in all but 1 RM
in which gross spillage of granuloma contents was observed
upon opening the thoracic cavity. The heart was removed
and examined and pulmonary and mediastinal lymph nodes
and individual lung lobes were dissected free, weighed and
photographed. Lymph nodes were divided into samples for
mycobacterial culture, histopathology, and mononuclear cell
isolation (with mycobacterial culture prioritized if tissue was
limiting). Macroscopic granulomas in individual lung lobes
were counted, measured, photographed and scored in serial
5 mm tissue slices. Samples for mycobacterial culture and
histology from the right and left lung slices were harvested
using a nonbiased stereologic sampling method. Individual
6 mm lung tissue cores (30 from the right lung and from the
left lung) were bisected and one-half collected in pre-
weighed sterile media tubes for bacteriology and the remain-
ing half immersed in 10% neutral-buffered formalin for
histologic analysis. Additionally, representative samples of
all lung lobes and the heart were collected and immersed in
10% neutral-buffered formalin. Tissues for histologic analy-
sis were routinely processed and embedded in paraffin.
Sections (6 mm) were stained with hematoxylin and eosin.
Selected tissues were stained by the Ziehl-Neelsen method
for acid-fast bacteria.

Vaccines:

The 68-1 and 68-1.2 RhCMV/TB vectors were con-
structed by bacterial artificial chromosome (BAC) recom-
bineering and were reconstituted and amplified into vector
preparations as previously described (Hansen et al., Nature,
2011, 473, 523-527, Hansen et al.,, Nature, 2013, 502,
100-104; Hansen et al., Science, 2013, 340, 1237874, and
Hansen et al., Nat. Med., 2009, 15, 293-299). The Mtb Ags
to be included in these vectors were selected by a bioinfor-
matics selection criteria starting with the scoring of 4000
Mtb open reading frames by 11 criteria (Zvi et al., BMC
Med. Genomics, 2008, 1, 18). Those criteria included immu-
nogenicity, vaccine efficacy, expression in granulomas,
secretion, and role in hypoxic survival. The top candidates
were then further screened by a deeper bioinformatics
analysis of predicted T cell epitopes and curated to include
antigens that are active during different stages of TB infec-
tion. In addition, all antigens had been shown to be at least
partially protective in a mouse challenge model. The final
choice of 9 Mtb proteins for the vaccine inserts included 3
representative proteins from so-called acute phase (85A,
85B, ESAT6), latency (Rv1733c, Rv3407, Rv2626¢) and
resuscitation (Rpf A, Rpf C and RpfD) class of Mtb Ags.
These 9 Ags were expressed in 4 different RhCMV/TB
vectors (to be used in combination) for both the 68-1 and
68-1.2 backbones, as follows: 1) Ag85A/Ag85B/Rv3407
(GenBank #KY611401), 2) Rv1733/Rv26226 (GenBank
#KY611402), 3) RpfA/RpfC/RpfD (GenBank #KY611403),
and 4) Ag85B/ESAT-6 (GenBank #KY611404). The Gen-
Bank Accession #s correspond the to the sequences as they
are found in the final vectors. Polyprotein #s 1-3 were
inserted into the nonessential Rh211 open reading frame
under the control of murine CMV IE promotor. Polyprotein
#4 was inserted in the same region of the RhCMV genome
but under the control of the EFla promotor (see, FIG. 46,
panel a). For the single 6 Ag-expressing, 68-1 RhCMV/TB
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vector, a single polyprotein insert consisting of 2 Ags from
each of 3 classes described above (acute: ESAT-6, Ag85A;
latency: Rv3407, Rv2626; resuscitation: RpfA, RpfD; Gen-
Bank #KY611405) was used to replace the nonessential
Rh107 gene, placing its expression under the control of the
endogenous Rh107 promoter (see, FIG. 46, panels a and b).
All BACs were analyzed by restriction digestion to confirm
genomic integrity and were further examined by next gen-
eration sequencing (NGS) on an Illumina MiSeq sequencer
to ensure the absence of any unintended mutations in the
transgene. To reconstitute the vaccine vectors, the BACs
were electroporated into telomerized or primary rhesus
fibroblasts and kept in culture until full cytopathic effect was
achieved. At this point, transgene expression was confirmed
by immunoblot of infected cell lysates and vaccine stocks
were generated by the OHSU Molecular Virology Support
Core (MVSC). Overall genomic integrity and transgene
expression of the final vaccine stocks were confirmed by
immunoblots, NGS, and pilot immunogenicity studies in
RM. In addition, expression of the ORFs neighboring the TB
Ag insertion site was confirmed by RT-PCR. RhCMV/TB
vector stocks were titered using primary rhesus fibroblasts in
a TCIDS0 assay. Study 3 and 4 RM were vaccinated by
subcutaneous administration of 5x10° pfu of each of the
designated RhnCMV/TB vectors. For the RM receiving the 4
vector set, each vector was administered in a separate limb
(right arm, left arm, right leg, left leg). RM were given the
test vaccines twice, with the second dose (homologous
boost) administered 15 weeks (Study 1) or 14 weeks (Study
2) after the first dose. The BCG vaccine (Danish strain 1331;
Batch #111005A) was obtained from the Statens Serum
Institute (Copenhagen, Denmark) and was reconstituted per
the manufacturer’s instructions (Diluent Batch #386587B).
RM were BCG-vaccinated by the intradermal administration
of 100 pl of vaccine containing 5.5x10° CFUs into the
mid-back.

Immunologic Assays:

Mitb-specific CD4+ and CD8+ T cell responses were
measured in blood, BAL and tissues by flow cytometric ICS,
as previously described (Hansen et al., Science, 2013, 340,
1237874, Hansen et al., Science, 2016, 351, 714-720; and
Hansen et al., Nat. Med., 2009, 15, 293-299). Briefly,
mononuclear cell preparations from blood, BAL or tissue
were incubated at 37° C. in a humidified 5% CO, atmo-
sphere with overlapping, consecutive 15-mer peptide mixes
(11 amino acid overlap) comprising these proteins, or indi-
vidual 15-mer peptides from these proteins, and the co-
stimulatory molecules CD28 and CD49d (BD Biosciences)
for 1 hour, followed by addition of brefeldin A (Sigma-
Aldrich) for an additional 8 hours. Co-stimulation without
antigenic peptides served as a background control. As pre-
viously described (Hansen et al., Science, 2016, 351, 714-
720), the MHC restriction (MHC-Ia, MHC-E, MHC-1II) of a
peptide-specific response was determined by pre-incubating
isolated mononuclear cells for 1 hour at room temperature
(prior to adding peptides and incubating per the standard
ICS assay) with the following blockers: 1) the pan anti-
MHC-1 mAb W6/32 (10 mg/ml), 2) the MHC-II-blocking
CLIP peptide (MHC-II-associated invariant chain, amino
acids 89-100; 20 uM), and 3) the MHC-E-blocking VL9
peptide (VMAPRTLLL; SEQ ID NO:31; 20 uM). Blocking
reagents were not washed, but remain throughout the assay.
Following incubation, stimulated cells were fixed, permea-
bilized and stained as previously described (Hansen et al.,
Science, 2013, 340, 1237874, Hansen et al., Science, 2016,
351, 714-720; and Hansen et al., Nat. Med., 2009, 15,
293-299) using combinations of the following fluoro-
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chrome-conjugated mAbs: SP34-2 (CD3; Pacific Blue,
Alexa700), L200 (CD4; AmCyan, BV510), SK-1 (CD8a;
PerCP-Cy5.5), MAB11 (TNF-a; FITC, PE), B27 (IFN-y;
APC), FN50 (CD69; PE, PE-TexasRed), B56 (Ki-67; FITC),
and in polycytokine analyses, JES6-5H4 (IL-2; PE, PE
Cy-7). To determine the cell surface phenotype of Mtb-
specific CD8+ T cells, mononuclear cells were stimulated as
described above, except that the CD28 co-stimulatory mAb
was used as a fluorochrome conjugate to allow CD28
expression levels to be later assessed by flow cytometry, and
in these experiments, cells were surface-stained after incu-
bation for lineage markers CD3, CD4, CD8, CD95 and
CCR7 (see below for mAb clones) prior to fixation/permea-
bilization and then intracellular staining for response mark-
ers (CD69, IFN-y, TNF-a.). Data was collected on an LSR-II
(BD Biosciences). Analysis was performed using FlowJo
software (Tree Star). In all analyses, gating on the lympho-
cyte population was followed by the separation of the CD3+
T cell subset and progressive gating on CD4+ and CD8+ T
cell subsets. Antigen-responding cells in both CD4+ and
CDS8+ T cell populations were determined by their intrac-
ellular expression of CD69 and one or more cytokines
(either or both of the IFN-y and TNF; +1L-2 in polycytokine
analyses). After subtracting background, the raw response
frequencies were memory corrected, as previously described
(Hansen et al., Nature, 2011, 473, 523-527 and Hansen et al.,
Nat. Med., 2009, 15, 293-299) using combinations of the
following fluorochrome-conjugated mAbs to define the
memory vs. naive subsets SP34-2 (CD3; Alexa700, PerCP-
Cy5.5), L200 (CD4; AmCyan), SK-1 (CD8a; APC, PerCP-
cy-5.5), MABI11 (TNF-q; FITC), B27 (IFN-y; APC), FN50
(CD69; PE), CD28.2 (CD28; PE-TexasRed), DX2 (CD95;
PE), 15053 (CCR7; Pacific Blue), and B56 (Ki-67; FITC).
For memory phenotype and polycytokine analysis of Mtb
Ag-specific T cells, all cells expressing CD69 plus one or
more cytokines were first Boolean gated, and then this
overall Ag-responding population was subdivided into the
subsets of interest on the basis of surface phenotype or
cytokine production pattern.

Mycobacterial Culture:

Tissues routinely collected at necropsy for Mtb burden
analysis in both Study 3 and 4 included: 30 stereologic
punches from right lung lobes, 10 punches from left lung
lobes, trachea, left hilar LN, right hilar LN, left carinal LN,
right carinal LN, paratracheal LN, mediastinal LN, axillary
LN, inguinal LN, mesenteric LN, spleen, pancreas, left
medial lobe of liver, right medial lobe of liver, left lateral
lobe of liver, right lateral lobe of liver, liver caudate, left
kidney, and right kidney. In Study 4, retropharyngeal LN,
tonsil, submandibular LN, and iliosacral LN were also
collected and cultured. In one RM in Study 4, mycobacterial
culture analysis was not reported due to gross contamination
of thoracic tissues with granuloma contents. Tissues were
collected in HBSS and were then homogenized in an IKA
grinder tube with a IKA Ultra-Turrax Tube Drive homog-
enizer. The tissue homogenate was then filtered over a 70 um
wire screen to remove debris and 200 pl of this material was
plated neat and in serial dilutions (1/10, 1/100) on 7H11 agar
plates (Remel). All plates were incubated at 37° C. and M.
tuberculosis growth was enumerated 28 and 42 days later.
Bacterial burden was calculated in CFU per gram of tissue.
A tissue was considered Mtb+ if any colonies with the
correct morphologic features were identified. Selected cul-
tures were analyzed by the Ziehl-Neelsen method for acid-
fast bacteria to confirm colony morphologic features.
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Data Preparation for Statistical Analysis:

Three outcome measures were evaluated for evidence of
a difference across treatment arms within each study: CT
scan area-under the curve from challenge to day 112 post-
challenge, pathologic score at necropsy, and Mtb culture at
necropsy. The equivalence of the three Study 4 vaccine
groups by these outcome measures (see, FIG. 49) justified a
pooled analysis. An outcome measure that combines nec-
ropsy score and culture results into a single value that can be
evaluated across both efficacy studies was evaluated. Asso-
ciations between these outcomes and Mtb-specific T cell
responses measured by ICS were assessed.

Area Under the Log CT Scan-Determined Pulmonary
Disease Volume Curve:

The AUC of the log-transformed CT scan-determined
pulmonary disease volume measurements from time O (set to
0) to day 112 was computed. Missing values for monkeys
taken to necropsy before the full series of scheduled CT scan
time points were imputed. The AUC of this augmented data
was computed. The imputation procedure that was
employed used linear regression to estimate missing values
from previous time points. As a sensitivity analysis, the
missing values were imputed using a more conservative rule
(replacing missing values with the largest non-missing value
at the same time point among monkeys receiving the same
treatment, excluding for further conservatism one high-
valued outlier unvaccinated RM); the resulting AUCs were
highly insensitive to this procedure (Pearson correlation
over 0.99 for both studies).

Necropsy Score Data:

The non-negative count valued necropsy scores are ame-
nable to Poisson modeling. Model evaluations supported
inclusion of the additional parameter for overdispersion in
the negative binomial model. In TB Study 4, the estimated
extra parameter was zero, so this model was equivalent to a
simple Poisson model. For this Poisson model, a sandwich-
based estimates of variance-covariance matrices was
employed as an alternative method to account for overdis-
persion, using the vcovHC function in the sandwich package
(Zeileis, J. Stat. Software, 2004, 11, 1-17 and Zeileis, J. Stat.
Software, 2006, 16, 1-16) in R.

Necropsy Culture Data:

Necropsy culture inputs were quantitative measures of
culture growth with multiple replicates per tissue. These data
were treated as binary indicators of a culture being positive
versus negative (zero), and the total number of positive
cultures was evaluated. Model evaluations of necropsy cul-
ture outcome data favored the more expressive negative
binomial models over Poisson models, and did not support
using the ZIP model. One animal in TB Study 4 (Rh30072)
was missing necropsy culture data but did have necropsy
score data; the analyses of the culture data therefore
excluded this RM, but as described below, the missing value
for use in computing the combined scaled outcome measure
was imputed.

Combined Scaled Outcome Measure:

As shown in FIG. 50, a strong correlation between the
necropsy score and necropsy culture outcome measures
within each study was observed, although the scales were
different: necropsy cultures are about one third as large as
necropsy scores, across both studies. The intermediate,
study-specific combined scaled outcome measure was cre-
ated to gain measurement precision by averaging these two
very similar outcome measures. To ensure that each receives
equal weight in the combined measure, and to maintain
discreteness in support of Poisson analysis of the statistic,
the inputs were scaled by multiplying the necropsy culture
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values by 3 and then adding these to the necropsy scores. For
Study 4, one RM (I3) had a missing necropsy culture value.
For this animal, the combined scaled outcome measure was
computed using an imputed necropsy culture value, which
was obtained by multiplying the observed necropsy score
value by the estimated coefficient from a simple linear
regression model relating the two values. This monkey’s
necropsy score value was 29, its imputed necropsy culture
value was 8, and its combined scaled outcome measure
value was 53. A negative binomial regression model of these
study-specific combined measures versus treatment and
study was employed, and used the estimated coefficient on
study (0.3796) to further scale the TB Study 3 combined
scaled outcome values. Therefore, the combined scaled
outcome variable for TB Study 3 RM is the study-specific
value multiplied by 0.3796 and then rounded to maintain the
discreteness of the final variable for Poisson analysis.

End of Vaccine Phase T Cell Response Data:

Longitudinal flow cytometric ICS measures of CD4+ and
CD8+ immune responses targeting the 9 individual genes in
the RhCMYV vaccines, and CFP10 was evaluated. The pri-
mary summary of these data was a measure of the immune
response at the end of vaccine phase. These pre-challenge
baseline immunogenicity values are geometric means of
three independent measurements over the time periods
shown in FIG. 42 (panel a) and FIG. 44 (panel a). Totals over
6 or 9 antigens were computed prior to log-transformation
and normalization. Normalization shifts and scales these
values to have mean zero, standard deviation 1 so that units
have the interpretation of z-scores measuring the number of
standard deviations an immune measurement (on the log
scale) is from the overall (study-specific) mean of that
measurement.

Statistical Analysis:

All statistical analyses were conducted in R40.

Efficacy:

Non-parametric tests were employed for primary com-
parisons and parametric models were used for estimating
confidence intervals of treatment effects. For comparisons of
outcome measures across pairs of groups, we used two-sided
Wilcoxon tests. Boxplots show unadjusted p-values of only
the pairwise comparisons that are significant at the 0.05
level. Holm adjustment was employed for the specified
primary non-parametric comparisons: between unvacci-
nated and vaccinated TB Study 3 groups, and separately
between BCG-only and other vaccinated groups. For TB
Study, 4 similarly applied Holm-adjustment within groups
of comparisons between unvaccinated and vaccinated TB
Study 4 groups individually, and between the original 68-1
9Ag vector and the two modifications (68-1 6Ag, and 68-1.2
9Ag). Boxplots show unadjusted p-values; Holm-adjusted
p-values are shown in FIG. 51. Vaccine efficacy is reported
as 100%-W, where W is 100 times the estimated rate (or
confidence limit) of the Poisson or negative binomial model
representing a count-valued outcome measure (necropsy
score, necropsy culture, or the combined scaled outcome
measure) among a vaccine group, as a fraction of the rate for
Unvaccinated RM. For analysis of correlations across out-
come variables, Spearman’s rank-transformed correlation
statistic (r) and test were used. For Spearman’s test, p-values
were computed via the asymptotic t approximation using the
cor.test method in R.

Immunogenicity and Correlates Analysis:

For comparisons of immunogenicity across vaccine-re-
ceiving treatment groups at pre-challenge baseline, Kruskal-
Wallis (KW) tests were employed. The boxplots indicate
significance of pairwise Wilcoxon tests if both KW and
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Wilcoxon tests had unadjusted p-values <0.05. Due to the
missing of blood immunology data from week 41 of RM U6
(Study 3; BCG-only group), for FIG. 42 (panel d), n=6 for
the BCG group; and for FIG. 42 (panel ¢), the data point for
the data point for this RM used only 2, rather than 3, time
points for averaging. For analysis of immune response
correlations with the combined scaled outcome measure
(defined above) among RM receiving RhCMV and no BCG,
Spearman’s statistic and test was computed, and the scat-
terplots also show the curve of the best-fitting negative
binomial model. The low correlations (see, FIG. 55) were
confirmed through sensitivity analyses that also found in
each study separately and in each outcome measure, so the
lack of significance is not an artifact of these analysis
choices. Extensive non-parametric analyses as well as para-
metric analyses employing negative binomial models to
estimate single-parameter and multi-parameter associations
between this combined scaled measure and pre-challenge
immune responses to RhCMV immunogens revealed no
statistically supported immune correlates of that outcome, or
of other related outcomes.

Example 5: Studies #3 and #4

To initially test the hypothesis that TEM responses elic-
ited by RhCMV/TB vectors would manifest a higher effi-
cacy than BCG, 3 groups of RM (n=7 each; all naturally
RhCMV-infected at study assignment) were vaccinated
with: 1) RhCMV/TB vectors alone (a set of 4 RhCMV
vectors based on the 68-1 strain that together express 9
different Mtb proteins: ESAT-6, Ag85A, Ag85B, Rv3407,
Rv1733, Rv2626, Rpt A, Rpf C, Rpf D; see, FIG. 46, panel
a), 2) BCG alone, and 3) BCG followed by RhCMV/TB,
according to the protocol outlined in FIG. 42, panel a. As
expected, RhCMV/TB vectors elicited and maintained high
frequency CD4+ and CD8+ T cell responses in blood to all
9 Mtb inserts, as measured by overlapping 15-mer peptide
mix-induced expression of intracellular TNF and/or IFN-y
by flow cytometric intracellular cytokine (ICS) analysis, and
in plateau phase, these responses were predominantly effec-
tor differentiated, manifesting either a fully differentiated
TEM phenotype (CD8+) or a mixed transitional and fully
differentiated TEM phenotype (CD4+) (see, FIG. 42, panels
b-d). About half of the RiCMV/TB-elicited, Mtb Ag-spe-
cific CD4+ and CD8+ T cells responding in the ICS assays
produced both TNF and IFN-y (with or without 1L-2) with
the remainder predominantly producing TNF alone (see,
FIG. 42, panel e). BCG elicited circulating CD4+ and CD8+
T cell responses to 8 of the 9 insert Ags (all except ESAT-6,
which is not expressed by BCG22). These responses pre-
dominantly manifested a central memory phenotype for the
CD4+ T cells and a fully differentiated TEM phenotype for
the CD8+ T cells. However, in peripheral blood, the overall
magnitude of the BCG-elicited T cell responses to these Ags
was considerably less (5-10-fold) than in RhCMV/TB-
vaccinated RM, and the majority of these T cells produced
either TNF or IL-2 alone (CD4+) or TNF or IFN-y alone
(CD8+), but not both TNF and IFN-y (see, FIG. 42, panels
b-e). Indeed, the BCG-induced CD4+ and CD8+ T cell
response to these Ags was not large enough to measurably
change the plateau-phase magnitude, phenotype and func-
tion of the TB Ag-specific responses in the RM that received
both BCG and RhCMV/TB relative to the RM that received
RhCMV/TB vaccination alone (see, FIG. 42, panels b-¢).
Differences in response magnitude between BCG- and
RhCMV/TB-vaccinated RM were less apparent in broncho-
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alveolar lavage (BAL) fluid, with the responses in the latter
group only marginally higher than in the former group (see,
FIG. 42, panel 1).

Referring to FIG. 42, the immunogenicity of R\CMV/TB
and BCG vaccines in Study 3 is shown. Panel a is a
schematic of the vaccination and challenge protocol and RM
groups of Study 3. Panel b shows a longitudinal analysis of
the overall CD4+ and CDS8+ T cell response to the 9 Mtb
insert proteins after vaccination with the designated vac-
cines. The background-subtracted frequencies of cells
responding with TNF and/or IFN-y production by flow
cytometric ICS assay to peptide mixes comprising each of
the Mtb proteins within the memory CD4+ or CD8+ T cell
subset were summed with the figure showing the mean
(£#SEM) of these overall (summed) responses at each time
point. Panel ¢ shows boxplots comparing the individual Mtb
protein (each of the 9 Mtb inserts plus the non-insert
CFP-10)-specific and overall (summed) Mtb-specific CD4+
and CD8+ T cell response frequencies (defined by TNF
and/or IFN-y production) in peripheral blood between the
vaccine groups at the end of the vaccine phase (each data
point is the mean of response frequencies in 3 separate
samples from weeks 44-49; indicates no response detected).
Penal d shows boxplots comparing the memory differentia-
tion of the vaccine-elicited CD4+ and CD8+ memory T cells
in peripheral blood responding to Ag85A with TNF and/or
IFN-y production at the end of vaccine phase (week 47).
Memory differentiation state was based on CD28 vs. CCR7
expression, delineating central memory (TCM), transitional
effector memory (TTREM), and effector memory (TEM), as
designated. Penal e shows boxplots comparing the fre-
quency of vaccine-elicited CD4+ and CD8+ memory T cells
in peripheral blood responding to Ag85A with TNF, IFN-y
and IL-2 production, alone and in all combinations at the end
of vaccine phase (week 49). Panel f shows boxplots com-
paring the individual Mtb protein-specific and overall
(summed) Mtb-specific CD4+ and CD8+ T cell response
frequencies (defined by TNF and/or IFN-y production) in
bronchoalveolar lavage (BAL) fluid between the vaccine
groups at the end of the vaccine phase (weeks 46-47;
indicates no response detected). In panels c-f, the Kruskal-
Wallis (KW) test was used to determine the significance of
differences between vaccine groups with the Wilcoxon rank
sum test used to perform pair-wise analysis if KW p values
were =0.05; brackets indicate pair-wise comparisons with
Wilcoxon p values <0.05.

Referring to FIG. 46, a description of R\CMV/TB vectors
is shown. Panel a is a diagram showing the insertion sites for
TB Ag cassettes in either the RhCMYV 68-1 and 68-1.2 BAC
backbones. The top 4 constructs use exogenous promoters
(either MCMV IE or EFla) to drive insert expression,
whereas the bottom construct (68-1 RhCMV/TB-6Ag)
replaces the Rh107 open reading frame with the 6 Ag insert,
and relies upon the endogenous Rh107 promoter to regulate
insert expression. Panel b shows a RT-PCR analysis of the
68-1 RhCMV/TB-6Ag vector confirming deletion of Rh107,
concomitant expression of the 6 Ag TB insert and unchanged
expression of both IE1 and the adjacent Rh108 open reading
frame. In this experiment, telomerized rhesus fibroblasts
(TRF) were infected with the vector at a multiplicity of
infection (MOI) of 3 and RNA was harvested and cDNA
generated at 48 hours post-infection. RT-PCR was per-
formed using primers specific for internal regions of the
indicated genes to demonstrate deletion of Rh107 and
expression of the 6Ag insert as well as surrounding open
reading frames. Panel ¢ shows a Western Blot analysis of the
HA-tagged 6 Ag insert expression (arrow) by the 68-1

10

15

20

25

30

35

40

45

50

55

60

65

66
RhCMV/TB-6Ag vector. TRFs were infected with RhCMV
68-1 or the 68-1 RhCMV/TB-6Ag vector (RhCMV 68-1
ARKW107-TB6Ag) at an MOI=3, harvested at full cytopathic
effect, and subjected to western blotting directed at the HA
tag. Hela cells transfected with a plasmid expressing the 6
Ag insert (pOri-TB6Ag) are shown as a control.

Fifty weeks after initial vaccination, the 3 groups of
vaccinated RM and a control group of unvaccinated RM
(n=8; also naturally CMV+) were challenged by intrabron-
chial instillation of 25 colony-forming units (CFUs) of
Erdman strain Mtb bacteria into the right lower lobe. The
effectiveness of challenge was confirmed by de novo devel-
opment of CD4+ and CD8+ T cell responses to the CFP-10
Ag in all RM (see, FIG. 43, panel a, and FIG. 47, panel a;
the Mtb-expressed CFP-10 Ag was not included in the
RhCMV/TB vectors, and, like ESAT-6, is not expressed by
BCG22). The development of pulmonary disease after chal-
lenge was monitored every two weeks by CT scan assess-
ment of lesional volume, but primary outcome was deter-
mined by pathologic examination (pathologic score; see,
FIG. 48) and by extensive mycobacterial culture of lung
(sampled using stereology), as well as lung-draining and
other chest lymph nodes (LNs), peripheral LNs and selected
organs (spleen, liver, kidney, pancreas) at necropsy (see
Methods), with necropsy performed either at clinical end-
point, or after 20 weeks post-infection (pi), by randomiza-
tion (see, FIG. 42, panel a). Pulmonary disease developed
rapidly in unvaccinated control RM with progression to
severe (>10,000 mm®) lung parenchymal disease by CT scan
in 7/8 RM by day 56 pi and all RM by day 98 pi (see, FIG.
43, panel b). In both RM groups that received BCG, the
development of pulmonary disease was more variable, but 5
of 7 RM in each group developed severe disease by day 98
pi. In contrast, 5 of 7 of the RM vaccinated with RhCMV/TB
vectors alone developed only mild pulmonary disease (<3,
000 mm?>, n=4) or no disease (n=1), and the overall area-
under-the-curve (AUC) of pulmonary lesion volume of this
group during the first 16 weeks pi was significantly reduced
from the unvaccinated control group (see, FIG. 43, panel c,
and FIG. 49, panel a).

Referring to FIG. 43, the outcome of Mtb challenge
(Study 3) is shown. Panel a shows the development of
peripheral blood CD4+ T cell responses to the peptide mixes
comprising the non-vaccine insert Mtb protein CFP-10 in all
Study 3 RM after Mtb challenge by flow cytometric ICS
analysis (response defined by TNF and/or IFN-y production
after background subtraction in memory subset; CFP-10-
specific CD8+ T cell responses shown in FIG. 47, panel a).
Panel b shows CT quantification of disease volume in the
pulmonary parenchyma after Mtb challenge (presence or
absence of draining LN enlargement indicated by closed vs.
open symbols). Panel ¢ shows boxplots comparing the AUC
of CT-determined pulmonary lesional volume (day 0-112) of
the 4 RM groups. Panels d-e show boxplots comparing the
extent of TB at necropsy measured by Mtb recovery with
mycobacterial culture and by pathologic disease score in
lung parenchyma (panel d), all non-lung parenchymal tis-
sues (panel e) and all tissues (panel f). In panels c-f,
unadjusted Wilcoxon p values <0.05 are shown (see, FIG.
49, panel a).

Referring to FIG. 47, the development of de novo Mtb-
specific CD8+ T cell responses after Mtb challenge is
shown. Panels a and b show the development of peripheral
blood CD8+ T cell responses to the peptide mixes compris-
ing the non-vaccine insert Mtb protein CFP-10 in Study 3
(panel a) and Study 4 (panel b) RM after Mtb challenge by
flow cytometric ICS analysis (response defined by TNF
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and/or IFN-y production after background subtraction in
memory subset). Corresponding CFP-10-specific CD4+ T
cell responses are shown in FIG. 43, panel a and FIG. 45,
panel a. All Mtb-challenged RM, including vaccinated RM
that did not manifest post-challenge disease, showed mul-
tiple post-challenge samples with above-threshold CFP-10-
specific CD4+ and CD8+ T cell responses, indicating a de
novo response to challenge. Panel ¢ shows the development
of peripheral blood CD8+ T cell responses to the peptide
mixes comprising the Ag85B, Rv1733 and Rpf proteins in
Study 4, group 3 RM, who received the RhCMV/TB-6Ag
vaccine lacking these insert Ags (corresponding CD4+ T cell
responses shown in FIG. 45, panel b). Again, de novo
post-challenge induction of responses to these 3 Mtb pro-
teins was observed in all group 3 RM.

Referring to FIG. 48, the pathologic scoring of TB disease
at necropsy is shown. The tables show the criteria and
scoring system used to quantify the pathologic extent of TB
disease at necropsy in Study 3 and 4 RM. Note that every
RM receives a separate score for 7 lung lobes, chest wall,
each separate lymph node group (both chest and non-chest),
liver, spleen, and each other involved organ, with the sum of
these scores being the overall Pathologic Score. The sum of
the scores for the 7 lung lobes is the Lung Pathologic Score,
with the sum of all other scores (including chest wall and
lymph nodes) being the Non-Lung Pathologic Score. The
sum of all scores (Lung and Non-Lung) is the Overall
Pathologic Score.

Referring to FIG. 49, a summary of outcome statistics is
shown. Panels a and b show Study 3 analysis. Panels ¢ and
d show Study 4 analysis. Panel e shows the combined
analysis.

The CT-determined lesional AUC through week 16 pi
closely correlated with pulmonary parenchymal disease at
necropsy as measured by both pathologic scoring and myco-
bacteria culture (see, FIG. 50, panel a), and as such, the
extent of lung disease at necropsy was significantly reduced
in the RACMV/TB vector group compared to unvaccinated
controls by both these measures (see, FIG. 43, panel d, and
FIG. 49, panel a). No significant pulmonary disease reduc-
tion was observed in the BCG-only vaccinated cohort by
either necropsy measure, and the BCG+RhCMV/TB vaccine
regimen resulted in only a modest reduction in mycobacte-
rial burden. TB is typically not restricted to pulmonary
parenchyma in RM given this dose of Erdman strain Mtb
and necropsy analysis revealed extensive extra-pulmonary
disease in the unvaccinated RM, including both lung-asso-
ciated lymph node involvement and extra-thoracic spread
(see, FIG. 51). The extent of disease as measured by
pathologic score was closely correlated with the extent of
disease measured by mycobacterial culture (see, FIG. 50,
panel b), and by both criteria, extra-pulmonary disease was
dramatically reduced in the RhCMV/TB-vaccinated cohort,
resulting in a significant reduction in the overall extent of
disease in this cohort relative to unvaccinated RM (see, FIG.
43, panels e and f; FIG. 49, panel a; and FIG. 51). By
Poisson modeling, the overall extent of disease was reduced
in the RhCMV/TB-vaccinated group by 68.7% by myco-
bacterial culture (P<0.0001) and 67.3% by pathologic score
(P<0.0001) relative to unvaccinated controls (see, FIG. 49,
panel b). In contrast, the extent of extra-pulmonary and
overall disease in BCG-only-vaccinated RM was not sig-
nificantly different from unvaccinated RM by either criteria,
and in keeping with this, the extent of extra-pulmonary and
overall disease in the RM given the RhnCMV/TB vaccine
alone was also significantly reduced from the BCG-only-
vaccinated RM. Using the same Poisson modeling,
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RhCMV/TB vaccination reduced overall disease relative to
BCG vaccination by 57.7% (P=0.0007) and 51.4% (P=0.01)
for mycobacterial culture and pathologic score, respectively
(see, FIG. 49, panel b). Pre-vaccination of RM with BCG 6
weeks prior to initial R\CMV/TB vaccination appeared to
substantially reduce the extra-pulmonary, as well as pulmo-
nary, efficacy of RhCMV/TB vaccination alone, as the
BCG+RhCMV/TB-vaccinated group showed only a very
modest reduction in mycobacterial recovery in all sites
relative to unvaccinated controls (see, FIG. 43, panels d-f;
FIG. 49, panel a; and FIG. 51).

Referring to FIG. 50, a comparison of different measures
of TB infection outcome is shown. Panels a and b show the
correlation of pulmonary parenchymal disease as measured
by CT scan-determined disease volume (AUC through day
112) post-infection vs. Mtb culture of lung samples (panel a)
and lung pathologic score (panel b) at necropsy of Study 3
RM. Panel ¢ shows the correlation of overall Mtb culture vs.
overall pathologic score at necropsy of Study 3 RM. Panels
¢ and d show the same analysis for Study 4 RM. Spearman
correlation coefficients (r) and associated p values are shown
in each plot.

Referring to FIG. 51, a summary of TB disease outcome
at necropsy of Study 3 is shown. The lung, non-lung, and
overall extent of Mtb disease by mycobacterial culture (#
positive cultures; left y axis) and pathologic scoring (right
y-axis; see FIG. 48) is shown for each individual Study 3
RM.

To confirm and further characterize RhCMV/TB efficacy,
a second, larger Mtb challenge study (n=9 RM per group; all
RhCMV + at assignment) was performed using a lower dose
of Erdman strain and in which we compared the same 68-1
RhCMV/TB-9 Ag vaccine used in Study 3 (group 1) with an
analogous RhCMV/TB-9 Ag) vaccine based on the 68-1.2
vector backbone (in which repaired expression of Rh157.5
and Rh157.4 results in distinct CD8+ T cell epitope target-
ing; group 2), and a single 68-1 RhCMV/TB-6 Ag vector
expressing a 6-Ag Mtb polyprotein (Ag85A; ESAT-6;
Rv3407; Rv2626; Rpf A; Rpf D) (group 3) (see, FIG. 44,
panel a; FIG. 46). 68-1 RhCMV vectors elicit unconven-
tional CD8+ T cell responses that are restricted by MHC-II
and MHC-E, whereas the CD8+ T cell responses elicited by
68-1.2 RhCMV vectors are conventionally MHC-la
restricted; thus, the group 1 vs. group 2 comparison allows
determination of the contribution of unconventionally
restricted CD8+ T cells to RICMV/TB efficacy. In the group
1 vs. group 3 comparison, whether the efficacy observed
with the 4 RhCMV/TB vector set encoding 9 Mtb Ags (3
each in the acute phase, latency and resuscitation Ag types)
can be recapitulated by a single R\CMV/TB vector express-
ing 6 Mtb Ags (2 each from these Ag types) which is more
appropriate for clinical translation was determined. The
magnitude of the overall Mtb-specific and individual Mtb
insert-specific CD4+ and CD8+ T cell responses elicited by
the 68-1 and 68-1.2 RhCMV/TB-9 Ag vectors were com-
parable in blood throughout the vaccination phase, and in
BAL and lymph node at the end of vaccination phase, as was
the memory differentiation and functional phenotype of the
Mtb-specific response in blood (see, FIG. 44, panels b-g).
However, the CD8+ T cells elicited by the 68-1 Rh\CMV/TB
vaccine were unconventionally (MHC-II and MHC-E)
restricted, whereas those elicited by 68-1.2 RhCMV/TB
vaccine were conventionally (MHC-Ia) restricted (see, FI1G.
52). The observed immune responses against the 6 Ags
common to both 68-1 RhCMV/TB-6 Ag and RhiCMV/TB-9
Ag vaccines are similar between groups 1 and 3 with respect
to magnitude, phenotype and (unconventional) MHC restric-
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tion, except for slightly different levels of CD8+ T cell
responses in LN (see, FIG. 44, panels b-g; FIG. 52).

Referring to FIG. 3, the immunogenicity of Rh\CMV/TB
vaccines (Study 4) is shown. Panel a shows a schematic of
the vaccination and challenge protocol and RM groups of
Study 4. Panel b shows a longitudinal analysis of the overall
CD4+ and CD8+ T cell response to the 9 Mth Ags after
vaccination with the designated vaccines, as described in
FIG. 42, panel b. Panel ¢ shows boxplots comparing the
individual Mtb protein (each of the 9 Mtb inserts plus the
non-insert CFP-10)-specific and overall (summed) Mtb-
specific CD4+ and CD8+ T cell response frequencies (de-
fined by TNF and/or IFN-y production) in peripheral blood
between the vaccine groups at the end of the vaccine phase
(each data point is the mean of response frequencies in 3
separate samples from weeks 49-55; indicates no response
detected). Panel d shows boxplots comparing the memory
differentiation (see, FIG. 42, panel d) of the vaccine-elicited
CD4+ and CD8+ memory T cells in peripheral blood
responding to Ag85A with TNF and/or IFN-y production at
the end of vaccine phase (weeks 51-52). Panel e shows
boxplots comparing the frequency of vaccine-elicited CD4+
and CD8+ memory T cells in peripheral blood responding to
Ag85A with TNF, IFN-y and/or IL-2, alone and in all
combinations at the end of vaccine phase (weeks 49-50).
Panels f and g show boxplots comparing the individual Mtb
protein (the 9 Mtb inserts plus the non-insert CFP-10)-
specific and overall (summed) Mtb-specific CD4+ and
CD8+ T cell response frequencies (defined by TNF and/or
IFN-y production) in BAL (panel f) and in peripheral LN
(panel g) between the vaccine groups at the end of vaccine
phase (weeks 46-47; indicates no response detected). In
panels c-g, statistics performed as described in FI1G. 42 with
brackets indicating pair-wise comparisons with Wilcoxon p
values <0.05.

Referring to FIG. 52, the MHC-restriction analysis of
RhCMV/TB vector-elicited CD8+ T cell responses in Study
4 is shown. RhHCMV/TB vaccine-elicited CD8+ T cells were
epitope-mapped in representative group 1, 2 and 3 RM from
Study 4 using flow cytometric ICS to detect recognition of
each consecutive, overlapping 15-mer gag peptide compris-
ing the indicated TB proteins. Peptides resulting in specific
CD8+ T cell responses are indicated by a box, with the color
of the box designating MHC restriction as determined by
blocking with the anti-pan-MHC-I mAb W6/32, the MHC-E
blocking peptide VL9 and the MHC-II blocking peptide
CLIP. The epitope restriction profiles of the strain 68-1
RhCMV/Ag85B/ESAT-6- and RhCMV/Rpf A/Rpf C/Rpf
D-elicited CD8+ responses to Rpf A, Ag85B, and ESAT-6
are produced here for comparison with 68-1.2 versions of
these vectors and for Rpf A and ESAT-6, with the 68-1
RhCMV/TB-6Ag vector.

After a 56 week vaccination period, all 27 vaccinated RM
in groups 1-3 and 9 RhCMV+ unvaccinated control RM
(group 4) were intrabronchially challenged with 10 CFUs of
Erdman strain Mtb bacteria—the reduction in dose relative
to Study 3 intended to slow TB progression in Study 4 RM
to more closely resemble the course of human Mtb infection.
In addition, post-challenge BAL was not performed in this
experiment to prevent procedure-related mortality or
enhancement of bacteria spread within the lung. All RM
developed de novo CFP-10-specific T cell responses in
blood following challenge, and the RhCMV/TB-6 Ag-vac-
cinated RM (group 3) also developed de novo T cell
responses in blood to the Ag85B, Rpf C, and Rv1733 Ags,
which were not included in their vaccine (see, FIG. 45,
panels a and b; FIG. 47, panels b and c¢). All 9 unvaccinated
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(group 4) RM developed TB lesions on CT scans by day 28
pi, but, as anticipated, the disease progression in this study
was slower than in Study 3 (see, FIG. 45, panel c¢), and only
2 unvaccinated (group 4) control RM developed endpoint
TB disease over the course of observation (see, FIG. 44,
panel a). Remarkably, 13 of the 27 vaccinated RM (5 each
in group 1 and group 3; 3 in group 2) did not develop any
radiologic signs of pulmonary TB (including no hilar
adenopathy) at any time point through to random elective
necropsy at >16 weeks pi, and the average CT-determined
lesional AUC in lung parenchyma of the overall cohort of
vaccinated RM was significantly reduced from the unvac-
cinated group (see, FIG. 45, panels ¢ and d; FIG. 49, panel
c). At necropsy, none of the 13 CT-negative RM from
vaccine groups 1-3 manifested any macroscopic granuloma-
tous disease, and 10 of these 13 were culture negative in all
tissues (the remaining 3 were Mtb+ in lung-draining lymph
nodes; see, FIG. 50, panels ¢ and d; FIG. 54). Despite the
development of CD4+ and CD8+ T cell responses to Mthb
proteins not in their vaccine in lung, lung-draining and
peripheral lymph nodes, and spleen (see, FIG. 53), his-
topathologic examination of lung and lung-draining lymph
node sections in these 13 TB disease-free RM showed no
granulomatous inflammation. The overall extent of disease
by mycobacterial culture and pathologic score was strongly
correlated in this experiment (see, FIG. 50, panel d), and was
significantly reduced in the overall (pooled groups 1-3)
RhCMV/TB vaccinated group compared to the unvacci-
nated control group, with no significant difference in efficacy
between individual groups 1-3, and similar protection in
both lung and non-lung tissues (see, FIG. 45, panels e-g;
FIG. 49, panel c; FIG. 54). For the pooled vaccinated group,
the overall reduction in disease extent relative to the unvac-
cinated control group was 74.5% by mycobacterial culture
(P=0.0024) and 61.4% by pathologic score (P=0.0011) using
Poisson modeling (see, FIG. 51). The finding of efficacy
with 68-1.2 RhCMV/TB vaccination indicates that efficacy
is not dependent on unconventional MHC-II and MHC-E-
restricted CD8+ T cells, indicating that protection can be
mediated by either conventional or unconventional CD8+ T
cells, or is independent of CD8+ T cells altogether.

Referring to FIG. 45, the outcome of Mtb challenge
(Study 4 and Overall) is shown. Panels a and b show the
development of peripheral blood CD4+ T cell responses to
the peptide mixes comprising the non-vaccine insert Mtb
protein CFP-10 in all Study 4 RM (panel a), and comprising
the Ag85B, Rv1733 and Rpf proteins in group 3 RM only
(panel b; RM vaccinated with the single 68-1 RhnCMV/TB-
6Ag vector lacking these 3 inserts) after Mtb challenge by
flow cytometric ICS analysis, as described in FIG. 43, panel
a (peripheral blood CD8+ T cell responses and tissue CD4+
and CD8+ T cell responses to these same Ags are shown in
FIG. 47, panels b and ¢ and FIG. 53, respectively). Panel ¢
shows CT quantification of disease volume in the pulmonary
parenchyma after Mtb challenge (presence or absence of
draining LN enlargement indicated by closed vs. open
symbols). Panel d shows boxplots comparing the AUC of
CT-determined pulmonary lesional volume (day 0-112) of
the unvaccinated RM vs. all RbCMV/TB-vaccinated RM vs.
RM in each individual RhCMV/TB vaccine group. Panels
e-g show boxplots comparing the extent of TB at necropsy
measured by Mtb recovery with mycobacterial culture and
by pathologic disease score in lung parenchyma (panel e), all
non-lung parenchymal tissues (panel f) and all tissues (panel
g) in the same RM groups. Panel h shows a boxplot
comparing the outcome of Mtb challenge in all unvaccinated
RM vs. all RiCMV/TB-only vaccinated RM across both
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Studies 3 and 4 using a scaled outcome measure that
combines both mycobacterial culture and pathologic score
data. In panels d-h, unadjusted Wilcoxon p values <0.05 are
shown (see, FIG. 49, panel c).

Referring to FIG. 53, an analysis of non-vaccine-elicited,
Mtb-specific CD4+ and CD8+ T cell responses at necropsy
(response to Mtb challenge) is shown. Panel a shows flow
cytometric ICS analysis demonstrating peripheral blood and
tissue CD4+ and CD8+ T cell responses to the peptide mixes
comprising the non-vaccine insert Mtb protein CFP10 in the
1 Study 3 RM and the 13 Study 4 RM (5, 3, and 5 from
Groups 1, 2 and 3, respectively) without pathologic evidence
of TB disease at necropsy (see, FIGS. 50 and 54; response
defined by TNF and/or IFN-y production after background
subtraction in memory subset). Panel b shows a similar
analysis of T cell responses to peptide mixes comprising the
Ag85B, Rv1733 and Rpf proteins in the 5 Study 4, group 3
RM (vaccinated with the Rh\CMV/TB-6 Ag vaccine lacking
these inserts) who failed to manifest TB disease after chal-
lenge. These data confirm that these protected monkeys were
sufficiently exposed to Mtb infection after challenge to
develop a robust systemic response to TB proteins that were
not present in their vaccine.

Referring to FIG. 54, a summary of outcome at necropsy
of Study 4 is shown. The lung, non-lung, and overall extent
of Mtb disease by mycobacterial culture (#positive cultures;
left y axis) and pathologic scoring (right y-axis; see, FIG.
48) are shown for each individual Study 4 RM.

It is remarkable that despite the fact that the average
extent of TB progression in the unvaccinated control mon-
keys in Studies 3 and 4 was quite different, the reduction in
disease with RhCMV/TB vaccination was similar in both
studies. Indeed, using a normalized, combination outcome
parameter based on both mycobacterial culture and patho-
logic score, it was estimated that across both studies the
extent of disease in the RhCMV/TB-vaccinated RM was
reduced 68% relative to unvaccinated controls (P=0.0019)
(see, FIG. 45, panel h; FIG. 51). In contrast to the “all or
none” efficacy of the RhCMV/SIV vaccine against rapidly
progressive SIV infection, the protection afforded by
RhCMV/TB against the more slowly progressive Mtb infec-
tion appears to be graded, including RM with apparent
sterilizing protection, RM with no macroscopic disease but
with very focal bacterial persistence, and a higher fraction of
RM with reduced progression compared to unvaccinated
controls (see, FIGS. 50 and 54). However, there are also
vaccinated RM that developed progressive and ultimately
fatal TB disease similar to the unvaccinated controls. This
outcome heterogeneity was not predicted by the RbCMV/
TB-elicited, TNF/IFN-y-defined, CD4+ or CD8+ T cell
response magnitudes in blood, BAL or LN prior to challenge
(see, FIG. 55). The observation that BCG vaccination 6
weeks prior to RhCMV/TB vaccination reduces efficacy
almost 1 year later supports the concept that mycobacteria-
induced immune responses do include an anti-protective
component.

Referring to FIG. 55, immune correlates analysis of
Studies 3 and 4 are shown. Panels a and b show the
relationship between the end-of-vaccine phase overall TB-
specific CD4+ and CD8+ T cell responses in peripheral
blood (panel a) and BAL (panel b) to the same scaled
outcome measure that combines both mycobacterial culture
and pathologic score data at necropsy used in FIG. 45, panel
h is shown for all Study 3 and 4 RM that received a
RhCMV/TB vaccine only. The T cell responses reflect the
sum of responses to the ESAT-6, Ag85A, Ag85B, Rv3407,
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Rv1733, Rv2626, Rpf A, Rpf C, Rpf D Ags and are
presented in units of z-score (number of standard deviations
that a monkey’s normalized total immune response at end of
vaccine phase is above the average of the monkeys in that
study. Panel ¢ shows the same analysis for overall Mth-
specific CD4+ and CD8+ T cell responses in peripheral
lymph node in RhCMV/TB-vaccinated Study 4 RM (lymph
node biopsy was not performed in Study 3). Spearman
correlation coefficients (r) and associated P values are shown
in each plot, with the best-fitting negative binomial curve
overlayed Similar results (lack of significant correlation)
were observed for total AUC CD4+ or CD8+ T cell
responses for the entire vaccine phase in peripheral blood,
and for peripheral blood, BAL, and lymph node responses to
only the 6 Ags common to all RhCMV/TB-vaccinated RM,
or to any individual Mtb Ag prior to challenge.

These studies show that a parenterally administered
RhCMV-based vaccine is able to elicit and maintain over the
course of at least a year effector responses that can control
Mtb at the early stages of infection, and that the protection
afforded by this vaccine can be complete, if not sterilizing.
To our knowledge, this is the first report of complete
prevention of TB in the RM model. Given TEM responses
to natural, persistent CMV infection are maintained for life,
the protection afforded by this vector platform is likely to be
very durable, probably lifelong. The Rh\CMV/TB vaccine is
efficacious against aggressive TB in RM and provides treat-
ment of a human CMV/TB vaccine that would be effective
in preventing pulmonary TB in adolescents and adults, and
thereby contribute to ending the global TB epidemic.

Over both Studies 3 and 4, RhCMV/TB vaccination
reduced the extent of disease at necropsy, as measured by
both pathologic score and frequency of mycobacterial cul-
ture-positive tissues, by 68% compared to unvaccinated
controls (P=0.0019). There was no significant difference in
efficacy between cohorts vaccinated with 68-1 vs. 68-1.2
RhCMYV vector backbones (which differ in CD8+ T cell
epitope recognition) or with 68-1 RhCMYV vectors express-
ing 9 vs. 6 Mtb proteins. In contrast, BCG was not signifi-
cantly efficacious in this challenge model, and administra-
tion of BCG 6 weeks prior to RhCMV/TB vaccination
reduced the efficacy of the latter vaccine. Across both
studies, 14 of the 34 RhCMV/TB-vaccinated RM (41%)
showed no granulomatous disease at necropsy (vs. 0 of 17
unvaccinated controls; P=0.0018), despite immunologic evi-
dence of initial infection after challenge, and 10 of these
were mycobacterial culture-negative in all tissues. Thus, the
RhCMV/TB vaccine is superior to BCG in the RM model,
and is the first vaccine demonstrated to completely prevent
progressive TB in primates.

Various modifications of the described subject matter, in
addition to those described herein, will be apparent to those
skilled in the art from the foregoing description. Such
modifications are also intended to fall within the scope of the
appended claims. Each reference (including, but not limited
to, journal articles, U.S. and non-U.S. patents, patent appli-
cation publications, international patent application publi-
cations, gene bank accession numbers, and the like) cited in
the present application is incorporated herein by reference in
its entirety.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 31

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 1
H: 1017
DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Ag85A

<400> SEQUE:

atgcagcettg

ggggccgteg

gegggggeat

atgggccgtg

ctgetegacy

ttcgagtggt

ttctacteceg

gagaccttee

accggaageg

tatcaccccce

gcgatgggtc

gacatgtggg

gggaagctga

gatctgggtg

atcaagttcc

gacagcggta
ctgcaacggyg
<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 1

ttgacagggt

gegeggeect

tttececeggee

acatcaaggt

gectgegege

acgaccagtc

actggtacca

tgaccagcga

cegtegtegy

agcagttegt

ccaccetgat

geccgaagga

tcgccaacaa

gcaacaacct

aagacgccta

cgcacagetyg

cactgggtge
D NO 2

H: 338
PRT

tegtggegec
agtgtcgggt
gggcttgeeg
ccaattccaa
gcaggacgac
gggcctgteg
gecegectge
getgeegggy
tetttegatg
ctacgeggga
cggcetggeg
ggacceggeyg
cacccgegte
geeggecaag

caacgceggt

ggagtactgg

cacgcccaac

gtcacgggta

ctggtcggcg

gtggagtacc

agtggtggtg

ttcagegget

gtggtcatge

ggcaaggccg

tggctgcagg

getgettett

gcgatgtegg

atgggtgacg

tggcagcgca

tgggtgtact

ttcctegagy

ggcggecaca

ggcgcgcagce

accgggececyg

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Ag85A

<400> SEQUE:

Met Gln Leu
1

Arg Leu Val
Gly Ala Val
35

Leu Pro Val
50

Ile Lys Val
65

Leu Leu Asp

Asn Thr Pro

Met Pro Val
115

NCE: 2

Val Asp Arg Val Arg

5

Val Gly Ala Val Gly

20

Gly Gly Thr Ala Thr

40

Glu Tyr Leu Gln Val

55

Gln Phe Gln Ser Gly

70

Gly Leu Arg Ala Gln

85

Ala Phe Glu Trp Tyr

100

Gly Gly Gln Ser Ser

120

Gly

Ala

25

Ala

Pro

Gly

Asp

Asp

105

Phe

Ala

10

Ala

Gly

Ser

Ala

Asp

90

Gln

Tyr

Val

Leu

Ala

Pro

Asn

75

Phe

Ser

Ser

tgtcgegteg
cegteggtgg
tgcaggtgee
ccaactegee
gggacatcaa
cggtgggtgg
gttgccagac
ccaacaggca
cggegetgac
gectgttgga
ctggeggeta
acgacccget
geggcaacgg
gettegtgeg
acggcgtgtt
tcaacgctat

cgcecccagygy

Thr Gly Met

Val Ser Gly
30

Phe Ser Arg
45

Ser Met Gly

Ser Pro Ala

Ser Gly Trp

Gly Leu Ser

110

Asp Trp Tyr
125

actcgtggte
cacggcgace
gtcegeegteg
cgcectgtac
caccceggeyg
ccagtcaage
ttacaagtgyg
cgtcaagece
getggegate
ccecteccag
caaggectee
gttgaacgte
caagcegteg
gaccagcaac
cgactteeeyg
gaagcccgac

cgectag

Ser Arg
15

Leu Val

Pro Gly

Arg Asp

Leu Tyr

80

Asp Ile
95

Val Val

Gln Pro

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1017
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-continued
Ala Cys Gly Lys Ala Gly Cys Gln Thr Tyr Lys Trp Glu Thr Phe Leu
130 135 140
Thr Ser Glu Leu Pro Gly Trp Leu Gln Ala Asn Arg His Val Lys Pro
145 150 155 160
Thr Gly Ser Ala Val Val Gly Leu Ser Met Ala Ala Ser Ser Ala Leu
165 170 175
Thr Leu Ala Ile Tyr His Pro Gln Gln Phe Val Tyr Ala Gly Ala Met
180 185 190
Ser Gly Leu Leu Asp Pro Ser Gln Ala Met Gly Pro Thr Leu Ile Gly
195 200 205
Leu Ala Met Gly Asp Ala Gly Gly Tyr Lys Ala Ser Asp Met Trp Gly
210 215 220
Pro Lys Glu Asp Pro Ala Trp Gln Arg Asn Asp Pro Leu Leu Asn Val
225 230 235 240
Gly Lys Leu Ile Ala Asn Asn Thr Arg Val Trp Val Tyr Cys Gly Asn
245 250 255
Gly Lys Pro Ser Asp Leu Gly Gly Asn Asn Leu Pro Ala Lys Phe Leu
260 265 270
Glu Gly Phe Val Arg Thr Ser Asn Ile Lys Phe Gln Asp Ala Tyr Asn
275 280 285
Ala Gly Gly Gly His Asn Gly Val Phe Asp Phe Pro Asp Ser Gly Thr
290 295 300
His Ser Trp Glu Tyr Trp Gly Ala Gln Leu Asn Ala Met Lys Pro Asp
305 310 315 320
Leu Gln Arg Ala Leu Gly Ala Thr Pro Asn Thr Gly Pro Ala Pro Gln
325 330 335
Gly Ala
<210> SEQ ID NO 3
<211> LENGTH: 978
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Ag85B
<400> SEQUENCE: 3
atgacagacg tgagccgaaa gattcgaget tggggacgece gattgatgat cggcacggca 60
geggetgtag tectteeggg cetggtgggg cttgceggeyg gagceggcaac cgegggcegey 120
ttctecegge cggggetgcee ggtcgagtac ctgcaggtge cgtegecegte gatgggecge 180
gacatcaagyg ttcagttcca gageggtggg aacaactcac ctgcggttta tctgctcgac 240
ggectgegeyg cccaagacga ctacaacggce tgggatatca acacccegge gttecgagtgg 300
tactaccagt cgggactgtc gatagtcatg ceggteggeg ggcagtccag cttctacage 360
gactggtaca gccecggectyg cggtaaggct ggctgecaga cttacaagtg ggaaacctte 420
ctgaccageg agctgecgca atggttgtcec gecaacaggyg cegtgaagece caccggcage 480
gectgcaateg gettgtcegat ggceggeteg teggcaatga tcettggecge ctaccacccece 540
cagcagttca tctacgccgg ctegetgteg gecctgetgyg accectcetca ggggatgggyg 600
cctagectga tceggectege gatgggtgac gecggeggtt acaaggcecge agacatgtgg 660
ggtccctega gtgacccegge atgggagcege aacgacccta cgcagcagat ccccaagcetg 720
gtecgcaaaca acacccggcet atgggtttat tgcgggaacyg gcacccecgaa cgagttggge 780
ggtgccaaca tacccgccga gttcttggag aacttegtte gtagcagcaa cctgaagtte 840
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caggatgcegt acaacgecge gggcegggeac aacgecgtgt tcaacttece geccaacgge

acgcacagct gggagtactg gggegctcag ctcaacgeca tgaagggtga cctgcagagt

tcgttaggeyg ccggctga

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Ile

Gly

Glu

Gln

65

Gly

Ala

Gly

Lys

Leu

145

Ala

Ala

Leu

Gly

Asp

225

Asn

Gly

Glu
305

Ser

Thr

Gly

Gly

Tyr

50

Phe

Leu

Phe

Gly

Ala

130

Pro

Ala

Tyr

Asp

Asp

210

Pro

Ala

Glu

Arg

His

290

Tyr

Leu

Asp

Thr

Ala

Leu

Gln

Arg

Glu

Gln

115

Gly

Gln

Ile

His

Pro

195

Ala

Ala

Asn

Leu

Ser
275
Asn

Trp

Gly

Val

Ala

20

Ala

Gln

Ser

Ala

Trp

100

Ser

Cys

Trp

Gly

Pro

180

Ser

Gly

Trp

Asn

Gly

260

Ser

Ala

Gly

Ala

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Mycobacterium tuberculosis
FEATURE:
OTHER INFORMATION: Ag85B

325

4

Ser

5

Ala

Thr

Val

Gly

Gln

85

Tyr

Ser

Gln

Leu

Leu

165

Gln

Gln

Gly

Glu

Thr

245

Gly

Asn

Val

Ala

Gly
325

Arg

Ala

Ala

Pro

Gly

70

Asp

Tyr

Phe

Thr

Ser

150

Ser

Gln

Gly

Tyr

Arg

230

Arg

Ala

Leu

Phe

Gln
310

Lys

Val

Gly

Ser

55

Asn

Asp

Gln

Tyr

Tyr

135

Ala

Met

Phe

Met

Lys

215

Asn

Leu

Asn

Lys

Asn
295

Leu

Ile

Val

Ala

Pro

Asn

Tyr

Ser

Ser

120

Lys

Asn

Ala

Ile

Gly

200

Ala

Asp

Trp

Ile

Phe
280

Phe

Asn

Arg

Leu

25

Phe

Ser

Ser

Asn

Gly

105

Asp

Trp

Arg

Gly

Tyr

185

Pro

Ala

Pro

Val

Pro
265
Gln

Pro

Ala

Ala

10

Pro

Ser

Met

Pro

Gly

90

Leu

Trp

Glu

Ala

Ser

170

Ala

Ser

Asp

Thr

Tyr

250

Ala

Asp

Pro

Met

Trp Gly

Gly Leu

Arg Pro

Gly Arg
60

Ala Val
75

Trp Asp

Ser Ile

Tyr Ser

Thr Phe
140

Val Lys
155

Ser Ala

Gly Ser

Leu Ile

Met Trp
220

Gln Gln
235

Cys Gly

Glu Phe

Ala Tyr

Asn Gly
300

Lys Gly
315

Arg

Val

Gly

Asp

Tyr

Ile

Val

Pro

125

Leu

Pro

Met

Leu

Gly

205

Gly

Ile

Asn

Leu

Asn
285

Thr

Asp

Arg

Gly

30

Leu

Ile

Leu

Asn

Met

110

Ala

Thr

Thr

Ile

Ser

190

Leu

Pro

Pro

Gly

Glu
270
Ala

His

Leu

Leu

15

Leu

Pro

Lys

Leu

Thr

95

Pro

Cys

Ser

Gly

Leu

175

Ala

Ala

Ser

Lys

Thr

255

Asn

Ala

Ser

Gln

Met

Ala

Val

Val

Asp

80

Pro

Val

Gly

Glu

Ser

160

Ala

Leu

Met

Ser

Leu

240

Pro

Phe

Gly

Trp

Ser
320

900

960

978



79

US 11,091,775 B2

80

-continued
<210> SEQ ID NO 5
<211> LENGTH: 300
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Rv3407
<400> SEQUENCE: 5
atgcgtgcta ccgttggget tgtggaggca atcggaatcce gagaactaag acagcacgca 60
tecgegatace tcegecegggt tgaagecgge gaggaacttyg gegtcaccaa caaaggaaga 120
cttgtggcece gactcatcce ggtgcaggece geggagegtt ctegegaage cctgattgaa 180
tcaggtgtee tgattccgge tcgtcegteca caaaacctte tcegacgtcac cgccgaaccyg 240
gegegeggee gcaagegcac cctgtcecgat gttcetcaacyg aaatgcegega cgagcagtga 300
<210> SEQ ID NO 6
<211> LENGTH: 99
<212> TYPE: PRT
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Rv3407
<400> SEQUENCE: 6
Met Arg Ala Thr Val Gly Leu Val Glu Ala Ile Gly Ile Arg Glu Leu
1 5 10 15
Arg Gln His Ala Ser Arg Tyr Leu Ala Arg Val Glu Ala Gly Glu Glu
20 25 30
Leu Gly Val Thr Asn Lys Gly Arg Leu Val Ala Arg Leu Ile Pro Val
35 40 45
Gln Ala Ala Glu Arg Ser Arg Glu Ala Leu Ile Glu Ser Gly Val Leu
50 55 60
Ile Pro Ala Arg Arg Pro Gln Asn Leu Leu Asp Val Thr Ala Glu Pro
65 70 75 80
Ala Arg Gly Arg Lys Arg Thr Leu Ser Asp Val Leu Asn Glu Met Arg
85 90 95
Asp Glu Gln
<210> SEQ ID NO 7
<211> LENGTH: 633
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Rv1733
<400> SEQUENCE: 7
atgatcgcca caacccgcga tcgtgaagga gecaccatga tcacgtttag getgegettg 60
cegtgecgga cgatactgceg ggtgttcage cgcaatcege tggtgcegtgyg gacggatcga 120
ctegaggegg tegtcatget getggeegte acggtcetege tgctgactat cccegttegece 180
geegeggeeyg gcaccgcagt ccaggattcee cgcagecacg tctatgecca ccaggcccag 240
acccgecate ccgcaaccgce gaccgtgatce gatcacgagg gggtgatcga cagcaacacyg 300
accgecacgt cagcgecgcece gegcacgaag atcaccgtge ctgeccgatyg ggtcegtgaac 360
ggaatagaac gcagcggtga ggtcaacgcg aagccgggaa ccaaatccgg tgaccgegte 420
ggcatttggyg tcgacagtge cggtcagetg gtcegatgaac cagctecgec ggeccgtgece 480
attgecggatg cggccectgge cgecttggga ctetggttga gegtegeege ggttgeggge 540
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gecctgetgyg cgetcacteg ggcgattetyg atccegegtte gecaacgecag ttggcaacac

gacatcgaca gcctgttetg cacgcagegyg tga

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 8
H: 210
PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Rv1733

<400> SEQUENCE: 8

Met Ile Ala
1

Arg Leu Arg
Pro Leu Val

35
Ala Val Thr
Thr Ala Val
65

Thr Arg His

Asp Ser Asn

Val Pro Ala

115

Asn Ala Lys
130

Asp Ser Ala
145

Ile Ala Asp
Ala Val Ala
Val Arg Asn

195
Gln Arg

210

<210> SEQ I
<211> LENGT.
<212> TYPE:

Thr Thr Arg Asp Arg

5

Leu Pro Cys Arg Thr

20

Arg Gly Thr Asp Arg

40

Val Ser Leu Leu Thr

55

Gln Asp Ser Arg Ser

70

Pro Ala Thr Ala Thr

85

Thr Thr Ala Thr Ser

100

Arg Trp Val Val Asn

120

Pro Gly Thr Lys Ser

135

Gly Gln Leu Val Asp
150

Ala Ala Leu Ala Ala

165

Gly Ala Leu Leu Ala

180

Ala Ser Trp Gln His

D NO 9
H: 432
DNA

200

Glu

Ile

25

Leu

Ile

His

Val

Ala

105

Gly

Gly

Glu

Leu

Leu

185

Asp

Gly

10

Leu

Glu

Pro

Val

Ile

90

Pro

Ile

Asp

Pro

Gly

170

Thr

Ile

Ala

Arg

Ala

Phe

Tyr

75

Asp

Pro

Glu

Arg

Ala

155

Leu

Arg

Asp

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Rv2626c

<400> SEQUENCE: 9

atgaccaccyg

ctaaccgetyg

gacgacgace

gcgggcctag

gtcgatgega

cgtgtteegy

cgacacctge

cacgcgacat

ccgcetcaata

ggCthang

acccgaatac

acgcaagcat

tcatctcaga

ccgageacge

catgaacgca

catgcgtgag

catgctcace

cgccacgget

ccaggagatg

gcaccgcetty

cattgtgcag

ggtgtgacct

cacgacatcg

gaccgegaca

ggcgagttgg

ctcaacgtca

gtcggaateg

ttcgtcaagyg

Thr Met Ile
Val Phe Ser
30

Val Val Met
45

Ala Ala Ala
60

Ala His Gln

His Glu Gly

Arg Thr Lys
110

Arg Ser Gly
125

Val Gly Ile
140

Pro Pro Ala

Trp Leu Ser

Ala Ile Leu
190

Ser Leu Phe
205

gtgttggega
gegegttgece
ttgtgatcaa
ccegggacag
tggaagaaca
tcaccgaage

caatctgete

Thr Phe
15

Arg Asn

Leu Leu

Ala Gly

Ala Gln
80

Val Ile
95

Ile Thr

Glu Val

Trp Val

Arg Ala
160

Val Ala
175

Ile Arg

Cys Thr

acacgagacg
gatctgeggg
aggcctgget
catctactac
tcaggtcege
cgacatcgee

geccatggece

600

633

60

120

180

240

300

360

420
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-continued

84

ctegecaget

<210> SEQ I
<211> LENGT.
<212> TYPE:

ag

D NO 10
H: 143
PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Rv2626c

<400> SEQUENCE: 10

Met Thr Thr
1

Glu His Glu
Ile Gly Ala
35

Leu Thr Asp
50

Pro Asn Thr
65

Val Asp Ala
His Gln Val
Ile Val Thr

115
Val Gln Phe

130

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Arg Asp Ile Met

Thr Leu Thr Ala Ala

20

Leu Pro Ile Cys Gly

40

Arg Asp Ile Val Ile

55

Ala Thr Ala Gly Glu

70

Asn Ala Ser Ile Gln

85

Arg Arg Val Pro Val

100

Glu Ala Asp Ile Ala

120

Val Lys Ala Ile Cys

D NO 11
H: 1224
DNA

135

Asn Ala Gly

Ala Gln Tyr
25

Asp Asp Asp

Lys Gly Leu

Leu Ala Arg

75

Glu Met Leu
90

Ile Ser Glu
105

Arg His Leu

Ser Pro Met

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: RpfA

<400> SEQUENCE: 11

atgagtggac

accggegeag

gacggggaat

ggcaacggtt

ggcgagttcg

cgggtgcetgg

gcaacacccc

geggtcaacy

gaacttgeceyg

gacccggeac

gaacttgeceyg

gacccggeac

cecegecgace

aacgacctge

ccegecgate

gccaccgtaa

tactcggtygyg

gggatcaggt

accteggtygyg

ccecegtegge

ccacccagygyg

gcgaagtget

gcgaaccage

ctaacgacct

cacccgecga

taaacgacct

cacccgecga

tggcgecace

cegegecget

tggcaccege

gcccaccaca

cggeggeate

ggceegetge

cttgcagtte

tcagctggec

tegeggegec

tccegetteg

accgetggec

gecegeaccyg

cctggeacca

gecegeaccyg

cctggeacca

cgegeeeged

gggtgaacce

gtcegecgac

tccaacgtca

gecatggecyg

gagtcgggeg

actcaaagca

agccgggagce

tggCngtgt

gcagcgatgg

cegecgeceyg

ctgggtgaac

cecegegeceyg

ctgggtgaac

cecegegeceyg

gacctggcac

ctceceggeag

ctggegecac

Val Thr Cys
Met Arg Glu
30

Arg Leu His
45

Ala Ala Gly
60

Asp Ser Ile

Asn Val Met

His Arg Leu
110

Pro Glu His
125

Ala Leu Ala
140

gegtegecaa
ctcaggcgac
gcaactggte
cctgggecge
agcagattge
geggecegegg
acgcteegtt
ccgaccegge
cecctecegge
ccgacgtege
cecctecegge
ccgacctgge
cacccgtgga
ctcececgecga

cegegeccge

Val Gly

His Asp

Gly Met

Leu Asp

Tyr Tyr

80

Glu Glu
95

Val Gly

Ala Ile

Ser

gatcgecttt
cgeggecace
gatcaacacc
acatggtgge
cgteggtgag
gttatcgaac
ggacgeggece
gecaccegtyg
agctceegee
gecaccegtyg
agctceegee
gecaccegeg
acttgccgta

actggegeca

cgacctggeyg

432

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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-continued
ccaccegege ccgecgaact ggcgccaccece gegeccgeceg acctggcace acccegetgeg 960
gtgaacgage aaaccgcgcece gggcgatcag cccgcecacag ctecaggegg cecggttgge 1020
cttgccaceg atttggaact ccccgagecce gacccccaac cagcectgacge accgecgecce 1080
ggcgacgteca ccgaggcgee cgccgaaacg ccccaagtcet cgaacatcge ctatacgaag 1140
aagctgtgge aggcgattceg ggcccaggac gtcectgcggca acgatgcget ggactcegetce 1200
gcacagcegt acgtcatcgg ctga 1224

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 12
H: 407
PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: RpfA

<400> SEQUENCE: 12

Met Ser Gly
1

Lys Ile Ala
Ala Ala Gln
35

Arg Cys Glu
50

Leu Gly Gly
65

Gly Glu Phe

Ala Val Gly

Val Cys Gly
115

Ala Ser Ala
130

Glu Pro Ala
145

Glu Leu Ala

Ala Ala Pro

Pro Ala Asp
195

Ala Pro Leu
210

Pro Ala Asp
225

Pro Ala Asp

Glu Leu Ala

Ala Ala Pro
275

Ala Asp Leu
290

Arg His Arg Lys Pro

Phe Thr Gly Ala Val

20

Ala Thr Ala Ala Thr

40

Ser Gly Gly Asn Trp

55

Leu Gln Phe Thr Gln

70

Ala Pro Ser Ala Gln

85

Glu Arg Val Leu Ala

100

Arg Gly Leu Ser Asn

120

Ala Met Asp Ala Pro

135

Pro Leu Ala Pro Pro
150

Ala Asn Asp Leu Pro

165

Ala Asp Pro Ala Pro

180

Val Ala Pro Pro Val

200

Gly Glu Pro Leu Pro

215

Leu Ala Pro Pro Ala
230

Leu Ala Pro Pro Ala

245

Val Asn Asp Leu Pro

260

Ala Glu Leu Ala Pro

280

Ala Pro Pro Ala Pro

295

Thr

Leu

25

Asp

Ser

Ser

Leu

Thr

105

Ala

Leu

Pro

Ala

Pro

185

Glu

Ala

Pro

Pro

Ala
265

Pro

Ala

Thr

10

Gly

Gly

Ile

Thr

Ala

90

Gln

Thr

Asp

Ala

Pro

170

Ala

Leu

Ala

Ala

Ala
250
Pro

Ala

Asp

Ser

Gly

Glu

Asn

Trp

Ser

Gly

Pro

Ala

Asp

155

Leu

Asp

Ala

Pro

Asp

235

Asp

Leu

Asp

Leu

Asn Val Ser
Gly Gly Ile
30

Trp Asp Gln
45

Thr Gly Asn
60

Ala Ala His

Arg Glu Gln

Arg Gly Ala

110

Arg Glu Val
125

Ala Ala Val
140

Pro Ala Pro

Gly Glu Pro

Leu Ala Pro
190

Val Asn Asp
205

Ala Asp Pro
220

Leu Ala Pro

Leu Ala Pro

Gly Glu Pro

270

Leu Ala Pro
285

Ala Pro Pro
300

Val Ala

Ala Met

Val Ala

Gly Tyr

Gly Gly

Gln Ile

95

Trp Pro

Leu Pro

Asn Gly

Pro Val

160

Leu Pro
175

Pro Ala

Leu Pro

Ala Pro

Pro Ala
240

Pro Val
255
Leu Pro

Ala Ser

Ala Pro
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88

Ala Glu Leu
305

Val Asn Glu

Gly Pro Val

Gln Pro Ala

355

Glu Thr Pro
370

Ala Ile Arg
385

Ala Gln Pro

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Pro Pro Ala Pro
310

Gln Thr Ala Pro Gly

325

Gly Leu Ala Thr Asp

340

Asp Ala Pro Pro Pro

360

Gln Val Ser Asn Ile

375

Ala Gln Asp Val Cys
390

Tyr Val Ile Gly

405
D NO 13
H: 531

DNA

Ala

Asp

Leu

345

Gly

Ala

Gly

Asp

Gln

330

Glu

Asp

Tyr

Asn

Leu

315

Pro

Leu

Val

Thr

Asp
395

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: RpfC

<400> SEQUENCE: 13

gtgcatcett
ctctetetaa
gccaagcecge
tccacegecyg
tecgggggca
ceggecacct
caaatcgcag
ggcgecegect
atcatcaacg
<210> SEQ I

<211> LENGT.
<212> TYPE:

tgcecggecga

tcggtaacge

tcatcaagtc

ttgcccacge

actgggcggc

gggecgcatt
ttgccaatcg
ctggecttec
agatcatttg
D NO 14

H: 176
PRT

ccacggeagyg
ttcggecact
cgccatggec
cggteccage
caacaccgga
cggeggtgte
ggttctegee
gatcgcactyg

ggcaggcatt

tcgeggtgea

tccggegata

gcaggactcg

ccgaactggyg

aacggcaaat

ggcaacccag

gaacagggat

tggtcgaaac

caggcaagta

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: RpfC

<400> SEQUENCE: 14

Val His Pro
1

Pro Ile Ser
Asp Met Ser
35

Met Ala Ala
50

Ala His Ala
65

Ser Gly Gly

Leu Gln Phe

Leu Pro Ala Asp His

Pro Leu Ser Leu Ile

20

Ser Met Thr Arg Ile

40

Gly Leu Val Thr Ala

55

Gly Pro Ser Pro Asn

70

Asn Trp Ala Ala Asn

85

Lys Pro Ala Thr Trp

Gly

Gly

25

Ala

Ser

Trp

Thr

Ala

Arg

10

Asn

Lys

Met

Asp

Gly

90

Ala

Ser

Ala

Pro

Ser

Ala

75

Asn

Phe

Ala Pro Pro

Ala Thr Ala

Pro Glu Pro

350

Thr Glu Ala
365

Lys Lys Leu
380

Ala Leu Asp

atagacaccc
tgtcgagcat
tcacggcatce
acgcegtege
acggcggact
cagctgecte
tggacgegtyg
ccgegeaggy

ttcegegety

Arg Cys Asn

Ser Ala Thr
30

Leu Ile Lys
45

Leu Ser Thr
60
Val Ala Gln

Gly Lys Tyr

Gly Gly Val

Ala Ala
320

Pro Gly
335

Asp Pro

Pro Ala

Trp Gln

Ser Leu
400

gatctcacca
gacaagaatc
catgtegete
gcagtgcgaa
gcagttcaag
tcgggaacaa
gecgacgtge
catcaagcaa

a

Arg His
15

Ser Gly

Ser Ala

Ala Val

Cys Glu
80

Gly Gly
95

Gly Asn

60

120

180

240

300

360

420

480

531
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90

Pro Ala Ala
115

100

Ala Ser Arg Glu Gln

120

Leu Ala Glu Gln Gly Leu Asp Ala

130

Gly Leu Pro
145

135

Ile Ala Leu Trp Ser
150

Ile Ile Asn Glu Ile Ile Trp Ala

<210> SEQ I
<211> LENGT.
<212> TYPE:

165
D NO 15
H: 465

DNA

105

Gln Ile Ala

Trp Pro Thr

Lys Pro Ala
155

Gly Ile Gln
170

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: RpfD

<400> SEQUE:

atgacaccgg

atcgtatgca

ggtctgteca

gaatccggeyg

agccaggega

caacagatcg

tgtagttett

ctegeggecyg

<210> SEQ I

<211> LENGT.
<212> TYPE:

NCE: 15

gtttgcttac

cggtgtteat

ccatcagete

gcaattggge

cgtgggatte

aggtcgcaga

gtagtcaggg

agactggagg

D NO 16

H: 154
PRT

tactgcgggt

cgaaaccgec

gaaagccgac

ggccaacace

caacggtggt

caacattatg

agacgcaccg

ttgttcgggg

getggecgac

gttgtegega

gacatcgatt

ggtaacgggt

gthggthC

aaaacccaag

ctgggetege

agcagggacyg

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: RpfD

<400> SEQUENCE: 16

Met Thr Pro
1

Arg Cys Ala

Ala Thr Met
35

Ala Asp Asp

Asn Trp Ala
65

Ser Gln Ala

Ala Ser Pro

Gln Gly Pro

115

Ala Pro Leu
130

Thr Gly Gly
145

Gly Leu Leu Thr Thr

5

Arg Ile Val Cys Thr

20

Phe Val Ala Leu Leu

40

Ile Asp Trp Asp Ala

Ala Asn Thr Gly Asn

70

Thr Trp Asp Ser Asn

85

Gln Gln Gln Ile Glu

100

Gly Ala Trp Pro Lys

120

Gly Ser Leu Thr His

135

Cys Ser Gly Ser Arg
150

Ala Gly Ala
10

Val Phe Ile
25

Gly Leu Ser

Ile Ala Gln

Gly Leu Tyr
75

Gly Gly Val
90

Val Ala Asp
105
Cys Ser Ser

Ile Leu Thr

Asp Asp

110

Val Ala Asn Arg Val

125

Cys Gly Ala
140

Gln Gly Ile

Ala Ser Ile

cacgtgacag
ccatgtttgt
gggacgccat
tatacggtgyg
cggeggecge
gecegggtge
tcacccacat

attga

Gly Arg Pro
Glu Thr Ala
30

Thr Ile Ser
45

Cys Glu Ser
60

Gly Gly Leu

Gly Ser Pro

Asn Ile Met
110

Cys Ser Gln
125

Phe Leu Ala
140

Ala Ser
Lys Gln
160

Pro Arg
175

gtgcgecagg
cgegttgtty
cgcgcaatge
tctgcagatce
gagtccccag
gtggccgaaa

cctgacgtte

Arg Asp
15

Val Val

Ser Lys

Gly Gly

Gln Ile

80
Ala Ala
95
Lys Thr

Gly Asp

Ala Glu

60

120

180

240

300

360

420

465
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-continued
<210> SEQ ID NO 17
<211> LENGTH: 288
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: ESAT-6
<400> SEQUENCE: 17
atgacagagc agcagtggaa tttcgegggt atcgaggecg cggcaagcege aatccaggga 60
aatgtcacgt ccattcattc cctccttgac gaggggaage agtccctgac caagctcgca 120
geggectggyg geggtagegyg ttceggaggeg taccagggtyg tcecagcaaaa atgggacgec 180
acggctaccg agctgaacaa cgcgctgcag aacctggege ggacgatcag cgaagecggt 240
caggcaatgg cttcgaccga aggcaacgtce actgggatgt tcgcatag 288
<210> SEQ ID NO 18
<211> LENGTH: 95
<212> TYPE: PRT
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: ESAT-6
<400> SEQUENCE: 18
Met Thr Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser
1 5 10 15
Ala Ile Gln Gly Asn Val Thr Ser Ile His Ser Leu Leu Asp Glu Gly
20 25 30
Lys Gln Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser Gly Ser
35 40 45
Glu Ala Tyr Gln Gly Val Gln Gln Lys Trp Asp Ala Thr Ala Thr Glu
50 55 60
Leu Asn Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile Ser Glu Ala Gly
65 70 75 80
Gln Ala Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala
85 90 95
<210> SEQ ID NO 19
<211> LENGTH: 2049
<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Ag85A-Ag85B-Rv3407
<400> SEQUENCE: 19
atggcatttt cccggecggg cttgceggtyg gagtacctge aggtgccegte gecgtcegatg 60
ggcegtgaca tcaaggtcca attccaaagt ggtggtgceca actcgeccge cctgtacctg 120
ctegacggee tgcgegegca ggacgactte ageggcetggyg acatcaacac cccggegtte 180
gagtggtacyg accagtcggg cctgteggtg gtcatgecgg tgggtggeca gtcaagette 240
tactccgact ggtaccagcce cgcctgegge aaggcecggtt gecagactta caagtgggag 300
accttectga ccagegaget geecggggtgg ctgcaggeca acaggcacgt caagceccace 360
ggaagcgeeyg tegteggtet ttcgatgget gettettegg cgctgacget ggegatctat 420
cacceecage agttegteta cgcgggageg atgtegggece tgttggacce ctceccaggeg 480
atgggtccca ccctgategg cctggegatg ggtgacgetyg geggctacaa ggectcecgac 540
atgtggggcee cgaaggagga cccggegtgg cagegcaacyg acccegetgtt gaacgteggg 600
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aagctgatcg ccaacaacac ccgcgtetgg gtgtactgeg gcaacggcaa gccgtceggat 660
ctgggtggca acaacctgcce ggccaagtte ctegaggget tegtgcggac cagcaacatce 720
aagttccaag acgcctacaa cgccggtgge ggccacaacyg gegtgttega ctteccggac 780
agcggtacge acagctggga gtactgggge gegcagcetca acgctatgaa gcccgacctg 840
caacgggcac tgggtgccac gcccaacacce gggeccgege cccagggege catgttetcee 900
cggeegggge tgcceggtega gtacctgecag gtgecegtege cgtegatggyg ccgegacate 960
aaggttcagt tccagagcgg tgggaacaac tcacctgegg tttatctget cgacggectg 1020
cgegeccaag acgactacaa cggctgggat atcaacacce cggegttega gtggtactac 1080
cagtcgggac tgtcgatagt catgccggtce ggcgggcagt ccagcttcta cagcgactgg 1140
tacagcccgg cctgecggtaa ggctggctge cagacttaca agtgggaaac cttectgacce 1200
agcgagcetge cgcaatggtt gtccgecaac agggccgtga agceccaccegyg cagcegetgca 1260
atcggettgt cgatggcegg ctegteggca atgatcttgg cecgectacca cccccagcag 1320
ttcatctacg cecggctceget gteggceectg ctggaccect ctcaggggat ggggcectagce 1380
ctgatcggece tecgcgatggg tgacgccgge ggttacaagg ccgcagacat gtggggtcecce 1440
tcgagtgace cggcatggga gcgcaacgac cctacgcage agatccccaa gctggtcegea 1500
aacaacaccc ggctatgggt ttattgeggg aacggcaccce cgaacgagtt gggcggtgcece 1560
aacatacccg ccgagttett ggagaacttce gttegtagca gcaacctgaa gttccaggat 1620
gegtacaacyg ccgegggcegg gcacaacgcece gtgttcaact teccgeccaa cggcacgcac 1680
agctgggagt actggggcgce tcagctcaac gccatgaagg gtgacctgca gagttcegtta 1740
ggcgecggca tgcgtgctac cgttgggett gtggaggcaa tceggaatccg agaactaaga 1800
cagcacgcat cgcgatacct cgcccgggtt gaagccggeyg aggaacttgg cgtcaccaac 1860
aaaggaagac ttgtggcccg actcatcceg gtgcaggeceyg cggagcegtte tcegegaagece 1920
ctgattgaat caggtgtcct gattccggct cgtegtcecac aaaaccttcet cgacgtcacce 1980
geegaaccegyg cgegeggceceg caagegcace ctgtceegatg ttetcaacga aatgcgcgac 2040
gagcagtga 2049

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 20
H: 683
PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Ag85A-Ag85B-Rv3407

<400> SEQUENCE: 20

Met Ala Phe
1

Ser Pro Ser

Ala Asn Ser
35

Asp Phe Ser
50

Gln Ser Gly
65

Tyr Ser Asp

Tyr Lys Trp

Ser Arg Pro Gly Leu
5

Met Gly Arg Asp Ile
20

Pro Ala Leu Tyr Leu
40

Gly Trp Asp Ile Asn
55

Leu Ser Val Val Met
70

Trp Tyr Gln Pro Ala
85

Glu Thr Phe Leu Thr

Pro

Lys

25

Leu

Thr

Pro

Cys

Ser

Val

10

Val

Asp

Pro

Val

Gly

90

Glu

Glu

Gln

Gly

Ala

Gly

75

Lys

Leu

Tyr Leu Gln

Phe Gln Ser
30

Leu Arg Ala
45

Phe Glu Trp
60
Gly Gln Ser

Ala Gly Cys

Pro Gly Trp

Val Pro
15

Gly Gly

Gln Asp

Tyr Asp

Ser Phe
80

Gln Thr
95

Leu Gln
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Ala

Met

Phe

145

Met

Lys

Asn

Asn

225

Lys

Asp

Leu

Asn

Asp

Pro

Gly

385

Glu

Ser

Ala

Leu

Met

465

Ser

Leu

Pro

Asn

Ala

130

Val

Gly

Ala

Asp

Trp

210

Leu

Phe

Phe

Asn

Thr

290

Glu

Gln

Gly

Ala

Gly

370

Lys

Leu

Ala

Ala

Leu

450

Gly

Asp

Val

Asn

Arg

115

Ala

Tyr

Pro

Ser

Pro

195

Val

Pro

Gln

Pro

Ala

275

Gly

Tyr

Phe

Leu

Phe

355

Gly

Ala

Pro

Ala

Tyr

435

Asp

Asp

Pro

Ala

Glu
515

100

His

Ser

Ala

Thr

Asp

180

Leu

Tyr

Ala

Asp

Asp

260

Met

Pro

Leu

Gln

Arg

340

Glu

Gln

Gly

Gln

Ile

420

His

Pro

Ala

Ala

Asn
500

Leu

Val

Ser

Gly

Leu

165

Met

Leu

Cys

Lys

Ala

245

Ser

Lys

Ala

Gln

Ser

325

Ala

Trp

Ser

Cys

Trp

405

Gly

Pro

Ser

Gly

Trp

485

Asn

Gly

Lys

Ala

Ala

150

Ile

Trp

Asn

Gly

Phe

230

Tyr

Gly

Pro

Pro

Val

310

Gly

Gln

Tyr

Ser

Gln

390

Leu

Leu

Gln

Gln

Gly
470
Glu

Thr

Gly

Pro

Leu

135

Met

Gly

Gly

Val

Asn

215

Leu

Asn

Thr

Asp

Gln

295

Pro

Gly

Asp

Tyr

Phe

375

Thr

Ser

Ser

Gln

Gly

455

Tyr

Arg

Arg

Ala

Thr

120

Thr

Ser

Leu

Pro

Gly

200

Gly

Glu

Ala

His

Leu

280

Gly

Ser

Asn

Asp

Gln

360

Tyr

Tyr

Ala

Met

Phe

440

Met

Lys

Asn

Leu

Asn
520

105

Gly

Leu

Gly

Ala

Lys

185

Lys

Lys

Gly

Gly

Ser

265

Gln

Ala

Pro

Asn

Tyr

345

Ser

Ser

Lys

Asn

Ala

425

Ile

Gly

Ala

Asp

Trp

505

Ile

Ser

Ala

Leu

Met

170

Glu

Leu

Pro

Phe

Gly

250

Trp

Arg

Phe

Ser

Ser

330

Asn

Gly

Asp

Trp

Arg

410

Gly

Tyr

Pro

Ala

Pro
490

Val

Pro

Ala

Ile

Leu

155

Gly

Asp

Ile

Ser

Val

235

Gly

Glu

Ala

Ser

Met

315

Pro

Gly

Leu

Trp

Glu

395

Ala

Ser

Ala

Ser

Asp
475
Thr

Tyr

Ala

Val

Tyr

140

Asp

Asp

Pro

Ala

Asp

220

Arg

His

Tyr

Leu

Arg

300

Gly

Ala

Trp

Ser

Tyr

380

Thr

Val

Ser

Gly

Leu

460

Met

Gln

Cys

Glu

Val

125

His

Pro

Ala

Ala

Asn

205

Leu

Thr

Asn

Trp

Gly

285

Pro

Arg

Val

Asp

Ile

365

Ser

Phe

Lys

Ala

Ser

445

Ile

Trp

Gln

Gly

Phe
525

110

Gly

Pro

Ser

Gly

Trp

190

Asn

Gly

Ser

Gly

Gly

270

Ala

Gly

Asp

Tyr

Ile

350

Val

Pro

Leu

Pro

Met

430

Leu

Gly

Gly

Ile

Asn
510

Leu

Leu

Gln

Gln

Gly

175

Gln

Thr

Gly

Asn

Val

255

Ala

Thr

Leu

Ile

Leu

335

Asn

Met

Ala

Thr

Thr

415

Ile

Ser

Leu

Pro

Pro
495

Gly

Glu

Ser

Gln

Ala

160

Tyr

Arg

Arg

Asn

Ile

240

Phe

Gln

Pro

Pro

Lys

320

Leu

Thr

Pro

Cys

Ser

400

Gly

Leu

Ala

Ala

Ser
480
Lys

Thr

Asn
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Phe Val Arg
530

Gly Gly His
545

Trp Glu Tyr

Ser Ser Leu

Glu Ala Ile

595

Ala Arg Val
610

Leu Val Ala
625

Ala Leu Ile

Leu Leu Asp

Ser Asp Val
675

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Ser Asn Leu Lys

535

Asn Ala Val Phe Asn
550

Trp Gly Ala Gln Leu

565

Gly Ala Gly Ala Ala

580

Gly Ile Arg Glu Leu

600

Glu Ala Gly Glu Glu

615

Arg Leu Ile Pro Val
630

Glu Ser Gly Val Leu

645

Val Thr Ala Glu Pro

660

Leu Asn Glu Met Arg

D NO 21
H: 1062
DNA

680

Phe Gln Asp
Phe Pro Pro
555

Asn Ala Met
570

Ala Arg Ala
585

Arg Gln His

Leu Gly Val

Gln Ala Ala

635

Ile Pro Ala
650

Ala Arg Gly
665

Asp Glu Gln

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATU

RE:

<223> OTHER INFORMATION: Rv1733-Rv2626cC

<400> SEQUE:

atgaccaccyg

ctaaccgetyg

gacgacgace

gcgggcctag

gtcgatgega

cgtgtteegy

cgacacctge

ctegecagea

ctgegettge

acggatcgac

cegttegecyg

caggcccaga

agcaacacga

gtcgtgaacy

gaccgegteg

gecegtgeca

gttgegggeg

tggcaacacg

<210> SEQ I

NCE: 21

cacgcgacat

ccgcetcaata

ggCthang

acccgaatac

acgcaagcat

tcatctcaga

ccgageacge

tgatcgecac

cgtgeeggac

tegaggegge

c¢cgeggecgy

ccegecatee

cecgecacgte

gaatagaacg

gecatttgggt

ttgcggatge

cectgetgge

acatcgacag

D NO 22

catgaacgca

catgcgtgag

catgctcace

cgccacgget

ccaggagatg

gcaccgcetty

cattgtgcag

aacccgegat

gatactgcgg

cgtcatgetyg

caccgcagte

cgcaaccgeg

agcgeegecyg

cagcggtgag

cgacagtgec

ggcectggee

gctcactegy

cctgttetge

ggtgtgacct

cacgacatcg

gaccgegaca

ggcgagttgg

ctcaacgtca

gtcggaateg

ttcgtcaagyg

cgtgaaggag

gtgttcagee

ctggcegtea

caggattcce

accgtgateg

cgcacgaaga

gtcaacgcga

ggtcagctgg

gecttgggac

gegattctga

acgcagcggt

Ala Tyr Asn
540

Asn Gly Thr

Lys Gly Asp

Thr Val Gly

590

Ala Ser Arg
605

Thr Asn Lys
620

Glu Arg Ser

Arg Arg Pro

Arg Lys Arg
670

gtgttggcga
gegegttgece
ttgtgatcaa
ccegggacag
tggaagaaca
tcaccgaage
caatctgete
ccaccatgat
gcaatccget
cggteteget
gcagccacgt
atcacgaggyg
tcaccgtgee
agccgggaac
tcgatgaacce
tctggttgag
tcegegtteg

ga

Ala Ala
His Ser
560

Leu Gln
575

Leu Val

Tyr Leu

Gly Arg

Arg Glu

640

Gln Asn
655

Thr Leu

acacgagacg
gatctgeggg

aggcctgget

catctactac
tcaggtcege
cgacatcgee
geccatggece
cacgtttagg
ggtgcgtggyg
gcetgactate
ctatgeccac
ggtgatcgac
tgcccgatygyg
caaatccggt
agctcegecyg
cgtegecgeyg

caacgccagt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1062
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<211> LENGTH: 353

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: Rv1733-Rv2626cC

<400> SEQUENCE: 22

Met Thr Thr Ala Arg Asp Ile Met Asn Ala Gly Val Thr Cys Val Gly
1 5 10 15

Glu His Glu Thr Leu Thr Ala Ala Ala Gln Tyr Met Arg Glu His Asp
20 25 30

Ile Gly Ala Leu Pro Ile Cys Gly Asp Asp Asp Arg Leu His Gly Met
35 40 45

Leu Thr Asp Arg Asp Ile Val Ile Lys Gly Leu Ala Ala Gly Leu Asp
50 55 60

Pro Asn Thr Ala Thr Ala Gly Glu Leu Ala Arg Asp Ser Ile Tyr Tyr
65 70 75 80

Val Asp Ala Asn Ala Ser Ile Gln Glu Met Leu Asn Val Met Glu Glu
85 90 95

His Gln Val Arg Arg Val Pro Val Ile Ser Glu His Arg Leu Val Gly
100 105 110

Ile Val Thr Glu Ala Asp Ile Ala Arg His Leu Pro Glu His Ala Ile
115 120 125

Val Gln Phe Val Lys Ala Ile Cys Ser Pro Met Ala Leu Ala Ser Met
130 135 140

Ile Ala Thr Thr Arg Asp Arg Glu Gly Ala Thr Met Ile Thr Phe Arg
145 150 155 160

Leu Arg Leu Pro Cys Arg Thr Ile Leu Arg Val Phe Ser Arg Asn Pro
165 170 175

Leu Val Arg Gly Thr Asp Arg Leu Glu Ala Val Val Met Leu Leu Ala
180 185 190

Val Thr Val Ser Leu Leu Thr Ile Pro Phe Ala Ala Ala Ala Gly Thr
195 200 205

Ala Val Gln Asp Ser Arg Ser His Val Tyr Ala His Gln Ala Gln Thr
210 215 220

Arg His Pro Ala Thr Ala Thr Val Ile Asp His Glu Gly Val Ile Asp
225 230 235 240

Ser Asn Thr Thr Ala Thr Ser Ala Pro Pro Arg Thr Lys Ile Thr Val
245 250 255

Pro Ala Arg Trp Val Val Asn Gly Ile Glu Arg Ser Gly Glu Val Asn
260 265 270

Ala Lys Pro Gly Thr Lys Ser Gly Asp Arg Val Gly Ile Trp Val Asp
275 280 285

Ser Ala Gly Gln Leu Val Asp Glu Pro Ala Pro Pro Ala Arg Ala Ile
290 295 300

Ala Asp Ala Ala Leu Ala Ala Leu Gly Leu Trp Leu Ser Val Ala Ala
305 310 315 320

Val Ala Gly Ala Leu Leu Ala Leu Thr Arg Ala Ile Leu Ile Arg Val
325 330 335

Arg Asn Ala Ser Trp Gln His Asp Ile Asp Ser Leu Phe Cys Thr Gln
340 345 350

Arg

<210> SEQ ID NO 23
<211> LENGTH: 2217
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<212> TYPE: DNA
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: RpfA-RpfC-RpfD
<400> SEQUENCE: 23
atggcgtcag ggaggcatcg gaaaccaact acaagcaatyg tatctgttge caagattget 60
ttcaccggeg cagttettgg aggtggegga attgccatgg ctgeccagge aacagecgcet 120
acagatggag agtgggatca ggtggctcga tgtgagtcectyg gtggcaactyg gtctatcaac 180
actgggaacg ggtatcttgg cggcttgcaa tttactcaga gcacttggge tgcccacgga 240
gggggtgaat ttgctecctag cgcgcagetg gectceeegeg agcagcagat cgetgtggga 300
gagagggtgt tggccacaca gggaagaggt gectggectg tetgtggecg cggactcagt 360
aatgctacce ctagggaggt getgccegece tcagecgceta tggacgctece actggatget 420
geegecgtga atggcgagece agctcegetg gecacceccac ctgcagaccce cgetccccca 480
gtegagetygyg cggcaaacga cctgeccgca ccteteggag aaccacttece tgcagcgect 540
geegatcecag ctecacctge tgatttgget cccccegete cegecgatgt ageccctecy 600
gtegagttygyg ctgtgaatga cctgecggca cctetgggeg ageccctece agecgetecy 660
geegacccetyg ceectectge tgatcectggca ccaccegete ctgccgacct cgecccacee 720
geeccageayg acctggctece accagegect geggatettg ceccgectgt tgagetgget 780
gtcaacgate ttectgcegee tettggagag cccctgecceg ctgctecage cgaactcgea 840
ccaccggcag atctggetce cgectetgee gatcttgecac cteccgcace ggcggacttyg 900
gcacctcecag caccagcaga actggcetcce cctgegecgg ctgacctgge cectecagea 960
geegttaatyg agcaaaccge accaggggac cagcecggceta cggcaccagg tggaccggtg 1020
gggctggeca ccgacctgga gctgectgag ccggatccce aaccagetga tgctcecccca 1080
cctggegacyg taactgaggce cccagctgaa acgecccagyg tcagtaacat cgcttacaca 1140
aagaaactgt ggcaggcaat tagggctcag gacgtgtgtyg ggaacgacgce cctggacage 1200
ttggcccaac cgtacgtgat cggtatgcac ccecctcecccecg ctgatcatgg tegcagtege 1260
tgtaaccgcce accccattte acctctcage cttattggga atgcgtctge tacaagtggce 1320
gacatgtcta gtatgacaag gattgctaag cccctcatca aaagtgcgat ggctgcceggt 1380
ctggtaacag catccatgag cttgtccacc gcagtggctc acgctgggece ttceccccgaac 1440
tgggatgcecg tecgcccagtyg cgagtcaggce ggcaattggg ccgcaaatac cggtaacggt 1500
aagtatggag gactgcagtt taaacctgca acttgggccg cctttggagg agtgggtaat 1560
cctgcagetg cttctagaga acagcagatt gccgtggcecta accgegttet cgcggagcag 1620
ggtctggacg cctggccgac ctgtggegece gcatcaggtt tgccgatcge gttgtggtca 1680
aagcccgece agggaatcaa gcagattatce aatgagatca tcetgggccegyg aatacaggca 1740
agcatceccta gaatgactcecce tgggcettcectg acaaccgcetg gegctgggag geccagggat 1800
aggtgcgccce ggatcgtttg taccgtattce atagagaccg ccgtggtcge gacaatgttce 1860
gtggctctet tgggcttgag caccattage tctaaggceg atgatataga ttgggatget 1920
attgctcaat gcgaatccgg tgggaactgg gccgctaata ccggaaatgg gctctacggce 1980
ggactgcaga tcagccagge tacatgggat agcaacggag gagtcegggtce cectgccget 2040
gcatcceege aacagcaaat cgaggtggcce gataacatca tgaaaaccca gggacccgga 2100
gcctggececa aatgtagcecte atgtagccaa ggagatgcge ccctceggttce actgacgcac 2160
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atcctcacct tectegcecege ggaaaccgga gggtgctcetg gcagccggga cgactga 2217

<210> SEQ ID NO 24

<211> LENGTH: 737

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<223> OTHER INFORMATION: RpfA-RpfC-RpfD

<400> SEQUENCE: 24

Met Ser Gly Arg His Arg Lys Pro Thr Thr Ser Asn Val Ser Val Ala
1 5 10 15

Lys Ile Ala Phe Thr Gly Ala Val Leu Gly Gly Gly Gly Ile Ala Met
20 25 30

Ala Ala Gln Ala Thr Ala Ala Thr Asp Gly Glu Trp Asp Gln Val Ala
35 40 45

Arg Cys Glu Ser Gly Gly Asn Trp Ser Ile Asn Thr Gly Asn Gly Tyr
50 55 60

Leu Gly Gly Leu Gln Phe Thr Gln Ser Thr Trp Ala Ala His Gly Gly
65 70 75 80

Gly Glu Phe Ala Pro Ser Ala Gln Leu Ala Ser Arg Glu Gln Gln Ile
85 90 95

Ala Val Gly Glu Arg Val Leu Ala Thr Gln Gly Arg Gly Ala Trp Pro
100 105 110

Val Cys Gly Arg Gly Leu Ser Asn Ala Thr Pro Arg Glu Val Leu Pro
115 120 125

Ala Ser Ala Ala Met Asp Ala Pro Leu Asp Ala Ala Ala Val Asn Gly
130 135 140

Glu Pro Ala Pro Leu Ala Pro Pro Pro Ala Asp Pro Ala Pro Pro Val
145 150 155 160

Glu Leu Ala Ala Asn Asp Leu Pro Ala Pro Leu Gly Glu Pro Leu Pro
165 170 175

Ala Ala Pro Ala Asp Pro Ala Pro Pro Ala Asp Leu Ala Pro Pro Ala
180 185 190

Pro Ala Asp Val Ala Pro Pro Val Glu Leu Ala Val Asn Asp Leu Pro
195 200 205

Ala Pro Leu Gly Glu Pro Leu Pro Ala Ala Pro Ala Asp Pro Ala Pro
210 215 220

Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Ala
225 230 235 240

Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Val
245 250 255

Glu Leu Ala Val Asn Asp Leu Pro Ala Pro Leu Gly Glu Pro Leu Pro
260 265 270

Ala Ala Pro Ala Glu Leu Ala Pro Pro Ala Asp Leu Ala Pro Ala Ser
275 280 285

Ala Asp Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Ala Pro
290 295 300

Ala Glu Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Ala Ala
305 310 315 320

Val Asn Glu Gln Thr Ala Pro Gly Asp Gln Pro Ala Thr Ala Pro Gly
325 330 335

Gly Pro Val Gly Leu Ala Thr Asp Leu Glu Leu Pro Glu Pro Asp Pro
340 345 350

Gln Pro Ala Asp Ala Pro Pro Pro Gly Asp Val Thr Glu Ala Pro Ala
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355 360 365

Glu Thr Pro Gln Val Ser Asn Ile Ala Tyr Thr Lys Lys Leu Trp Gln
370 375 380

Ala Ile Arg Ala Gln Asp Val Cys Gly Asn Asp Ala Leu Asp Ser Leu
385 390 395 400

Ala Gln Pro Tyr Val Ile Gly Val His Pro Leu Pro Ala Asp His Gly
405 410 415

Arg Ser Arg Cys Asn Arg His Pro Ile Ser Pro Leu Ser Leu Ile Gly
420 425 430

Asn Ala Ser Ala Thr Ser Gly Asp Met Ser Ser Met Thr Arg Ile Ala
435 440 445

Lys Pro Leu Ile Lys Ser Ala Met Ala Ala Gly Leu Val Thr Ala Ser
450 455 460

Met Ser Leu Ser Thr Ala Val Ala His Ala Gly Pro Ser Pro Asn Trp
465 470 475 480

Asp Ala Val Ala Gln Cys Glu Ser Gly Gly Asn Trp Ala Ala Asn Thr
485 490 495

Gly Asn Gly Lys Tyr Gly Gly Leu Gln Phe Lys Pro Ala Thr Trp Ala
500 505 510

Ala Phe Gly Gly Val Gly Asn Pro Ala Ala Ala Ser Arg Glu Gln Gln
515 520 525

Ile Ala Val Ala Asn Arg Val Leu Ala Glu Gln Gly Leu Asp Ala Trp
530 535 540

Pro Thr Cys Gly Ala Ala Ser Gly Leu Pro Ile Ala Leu Trp Ser Lys
545 550 555 560

Pro Ala Gln Gly Ile Lys Gln Ile Ile Asn Glu Ile Ile Trp Ala Gly
565 570 575

Ile Gln Ala Ser Ile Pro Arg Met Thr Pro Gly Leu Leu Thr Thr Ala
580 585 590

Gly Ala Gly Arg Pro Arg Asp Arg Cys Ala Arg Ile Val Cys Thr Val
595 600 605

Phe Ile Glu Thr Ala Val Val Ala Thr Met Phe Val Ala Leu Leu Gly
610 615 620

Leu Ser Thr Ile Ser Ser Lys Ala Asp Asp Ile Asp Trp Asp Ala Ile
625 630 635 640

Ala Gln Cys Glu Ser Gly Gly Asn Trp Ala Ala Asn Thr Gly Asn Gly
645 650 655

Leu Tyr Gly Gly Leu Gln Ile Ser Gln Ala Thr Trp Asp Ser Asn Gly
660 665 670

Gly Val Gly Ser Pro Ala Ala Ala Ser Pro Gln Gln Gln Ile Glu Val
675 680 685

Ala Asp Asn Ile Met Lys Thr Gln Gly Pro Gly Ala Trp Pro Lys Cys
690 695 700

Ser Ser Cys Ser Gln Gly Asp Ala Pro Leu Gly Ser Leu Thr His Ile
705 710 715 720

Leu Thr Phe Leu Ala Ala Glu Thr Gly Gly Cys Ser Gly Ser Arg Asp
725 730 735

Asp

<210> SEQ ID NO 25

<211> LENGTH: 1146

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
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<223> OTHER INFORMATION: Ag85B-ESAT6

<400> SEQUENCE: 25

atgttctccee ggeccggggcet geccggtegag tacctgcagg tgccgtegece gtcegatggge 60
cgcgacatca aggttcagtt ccagageggt gggaacaact cacctgeggt ttatctgetce 120
gacggcctge gcgcccaaga cgactacaac ggctgggata tcaacacccc ggegttcgag 180
tggtactacc agtcgggact gtcgatagtc atgccggteg gegggcagtce cagcttctac 240
agcgactggt acagcccgge ctgceggtaag gctggetgec agacttacaa gtgggaaacce 300
ttccoctgacca gcgagetgee gcaatggttg tccgccaaca gggcecgtgaa gcccaccggce 360
agcgctgcaa tcggettgte gatggcegge tcegtceggcaa tgatcttgge cgcectaccac 420
ccccagcagt tcatctacge cggetegetg tceggccctge tggacccctce tcaggggatg 480
gggcctagee tgatcggect cgcgatgggt gacgcceggeg gttacaaggce cgcagacatg 540
tggggtccct cgagtgacce ggcatgggag cgcaacgacc ctacgcagca gatccccaag 600
ctggtcgcaa acaacacccg gctatgggtt tattgcggga acggcacccce gaacgagttg 660
ggcggtgecca acataccege cgagttcecttg gagaactteg ttecgtagcag caacctgaag 720
ttccaggatg cgtacaacgc cgecgggceggg cacaacgccg tgttcaactt cccegeccaac 780
ggcacgcaca gctgggagta ctggggegcet cagctcaacg ccatgaaggg tgacctgcag 840
agttecgttag gecgccggcat gacagagcag cagtggaatt tcegegggtat cgaggccgeg 900
gcaagcgcaa tccagggaaa tgtcacgtcc attcattcce tecttgacga ggggaagcag 960

tcectgacca agctegcage ggcectgggge ggtageggtt cggaggcgta ccagggtgtce 1020
cagcaaaaat gggacgccac ggctaccgag ctgaacaacyg cgctgcagaa cctggegegg 1080
acgatcagcg aagccggtca ggcaatggct tcgaccgaag gcaacgtcac tgggatgtte 1140
gcatag 1146
<210> SEQ ID NO 26

<211> LENGTH: 381

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Ag85B-ESAT6

<400> SEQUENCE: 26

Met Phe Ser Arg Pro Gly Leu Pro Val Glu Tyr Leu Gln Val Pro Ser
1 5 10 15

Pro Ser Met Gly Arg Asp Ile Lys Val Gln Phe Gln Ser Gly Gly Asn
20 25 30

Asn Ser Pro Ala Val Tyr Leu Leu Asp Gly Leu Arg Ala Gln Asp Asp
35 40 45

Tyr Asn Gly Trp Asp Ile Asn Thr Pro Ala Phe Glu Trp Tyr Tyr Gln
50 55 60

Ser Gly Leu Ser Ile Val Met Pro Val Gly Gly Gln Ser Ser Phe Tyr
65 70 75 80

Ser Asp Trp Tyr Ser Pro Ala Cys Gly Lys Ala Gly Cys Gln Thr Tyr
85 90 95

Lys Trp Glu Thr Phe Leu Thr Ser Glu Leu Pro Gln Trp Leu Ser Ala
100 105 110

Asn Arg Ala Val Lys Pro Thr Gly Ser Ala Ala Ile Gly Leu Ser Met
115 120 125

Ala Gly Ser Ser Ala Met Ile Leu Ala Ala Tyr His Pro Gln Gln Phe
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130 135 140

Ile Tyr Ala Gly Ser Leu Ser Ala Leu Leu Asp Pro Ser Gln Gly Met
145 150 155 160

Gly Pro Ser Leu Ile Gly Leu Ala Met Gly Asp Ala Gly Gly Tyr Lys
165 170 175

Ala Ala Asp Met Trp Gly Pro Ser Ser Asp Pro Ala Trp Glu Arg Asn
180 185 190

Asp Pro Thr Gln Gln Ile Pro Lys Leu Val Ala Asn Asn Thr Arg Leu
195 200 205

Trp Val Tyr Cys Gly Asn Gly Thr Pro Asn Glu Leu Gly Gly Ala Asn
210 215 220

Ile Pro Ala Glu Phe Leu Glu Asn Phe Val Arg Ser Ser Asn Leu Lys
225 230 235 240

Phe Gln Asp Ala Tyr Asn Ala Ala Gly Gly His Asn Ala Val Phe Asn
245 250 255

Phe Pro Pro Asn Gly Thr His Ser Trp Glu Tyr Trp Gly Ala Gln Leu
260 265 270

Asn Ala Met Lys Gly Asp Leu Gln Ser Ser Leu Gly Ala Gly Met Thr
275 280 285

Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser Ala Ile
290 295 300

Gln Gly Asn Val Thr Ser Ile His Ser Leu Leu Asp Glu Gly Lys Gln
305 310 315 320

Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser Gly Ser Glu Ala
325 330 335

Tyr Gln Gly Val Gln Gln Lys Trp Asp Ala Thr Ala Thr Glu Leu Asn
340 345 350

Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile Ser Glu Ala Gly Gln Ala
355 360 365

Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala
370 375 380

<210> SEQ ID NO 27

<211> LENGTH: 3570

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

<223> OTHER INFORMATION: Ag85A-ESAT6-Rv3407-Rv2626c-RpfA-RpfD

<400> SEQUENCE: 27

atggcgttca gcagaccegg cctgecegtyg gagtacctge aggtgeccag ccccagecatg 60
ggccgggaca tcaaagtgca gttccagage ggcggagcca acagecctge cctgtacctg 120
ctggacggece tgcegggecca ggacgactte ageggetggg acatcaacac cccecgectte 180

gagtggtacg accagagcgg cctgagegtyg gtgatgeceg tgggeggeca gagcagette 240

tacagcgact ggtatcagece cgectgegge aaggecgget gecagaccta caagtgggag 300
accttectga ccagegaget geceggetgg ctgcaggeca accggcacgt gaagceccace 360
ggcagegecg tggtgggect gagcatggece gccagcageg cectgaccct ggecatctac 420
cacccccage agttegtgta cgecggagece atgageggece tgetggacce cagcecaggec 480
atgggcccca ccctgategg cctggecatg ggegacgeeg gaggctacaa ggccagcegac 540
atgtggggee ccaaggagga ccccgectgg cageggaacg accecctget gaacgtggge 600

aagctgatcg ccaacaacac ccgegtgtgg gtgtactgeg gcaacggcaa gcccagcegac 660
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ctgggeggca acaacctgcce cgccaagtte ctggaggget tegtgcggac cagcaacatce 720
aagttccagg acgcctacaa cgccggaggce ggccacaacyg gegtgttega cttecccgac 780
agcggcacce acagcetggga gtactgggga geccagetga acgcecatgaa gcccgacctg 840
cagcgggece tgggegecac ccccaacacce ggecctgece cccagggege taccgagcag 900
cagtggaact tcgccggcat cgaagctgec gegagcegeca tcecaaggcaa cgtgaccage 960
atccacagcece tgctggacga gggcaagcag agectgacca agetggetge tgcettgggge 1020
ggatccggaa gcgaagccta ccagggegtg cagcagaagt gggacgcecac agcecaccgag 1080
ctgaacaacg ccctgcagaa cctcegecaga accatcageg aggccggaca ggctatggece 1140
agcacagagg gcaatgtgac cggcatgttc gecagggcca cagtgggect ggtggaggece 1200
attggcatca gggagctgag gcagcacgece agcaggtace tggccagagt ggaggcetgga 1260
gaggagctygyg gcgtgaccaa caagggcagg ctggtggceca gactgatccce cgtgcagget 1320
geecgagagga gcagagagge cctgatcgag ageggegtge tgatccectge cagaaggect 1380
cagaacctge tggacgtgac cgctgagect gecagaggca ggaagaggac cctgagcgac 1440
gtgctgaacyg agatgaggga cgagcagaca acagccaggg acatcatgaa cgcecggegtyg 1500
acctgegtgg gagagcatga aaccctcacce gecgecgece aatacatgag ggagcacgac 1560
atcggegece tgcccatetg tggagacgac gacaggctge acggcatget gaccgacagg 1620
gacatcgtga tcaagggcct ggctgecgge ctcgatecta acaccgctac agecggcgag 1680
ctggccagag acagcatcta ctacgtggac gecaacgcca gcatccagga gatgctcaac 1740
gtgatggagyg agcaccaggt gagaagggtg cctgtgatca gecgagcacag getggtggge 1800
atcgtgaccg aggccgatat cgctaggcac ctgcccgage acgccatcgt gcagttegtg 1860
aaggccatct gcagcecccat ggctctggece agetcaggga ggcatcggaa accaactaca 1920
agcaatgtat ctgttgccaa gattgctttc accggcgcag ttcttggagg tggcggaatt 1980
gccatggetyg cccaggcaac agcecgctaca gatggagagt gggatcaggt ggctcgatgt 2040
gagtctggtyg gcaactggtce tatcaacact gggaacgggt atcttggcgg cttgcaattt 2100
actcagagca cttgggctge ccacggaggg ggtgaatttg ctcctagcge gcagctggcece 2160
tcecegegage agcagatcge tgtgggagag agggtgttgyg ccacacaggyg aagaggtgece 2220
tggcctgtet gtggeccgegyg actcagtaat gctaccecta gggaggtget geccgcectca 2280
gccgetatgg acgcteccact ggatgctgece gecgtgaatg gecgagccagce tcecgctggca 2340
cceccacctyg cagaccecge tcccccagte gagetggegyg caaacgacct gcccgcacct 2400
ctcggagaac cacttcctge agecgectgce gatccagetce cacctgctga tttggctece 2460
ccegeteceg cecgatgtage cecteceggte gagttggetg tgaatgacct gecggcacct 2520
ctgggegage cccteccage cgctceeggece gaccctgece ctectgetga tetggcacca 2580
ccegetectyg ccgacctege cccaccegece cecagcagace tggctccace agegectgeg 2640
gatcttgeece cgectgttga gctggcectgte aacgatctte ctgecgcectcet tggagagcecce 2700
ctgccegetg ctceccagcecega actcgcacca ccggcagatce tggctcecccecge ctetgcecgat 2760
cttgcaccte ccgcaccgge ggacttggea cctcecagecac cagcagaact ggctccccct 2820
gegecggetyg acctggcccee tccagcagece gttaatgage aaaccgcacc aggggaccag 2880
ceggetacgg caccaggtgg accggtgggg ctggecaceyg acctggaget gcectgagecg 2940
gatccccaac cagctgatge tcccccacct ggcgacgtaa ctgaggeccce agcectgaaacy 3000
cceccaggtca gtaacatcege ttacacaaag aaactgtggce aggcaattag ggctcaggac 3060
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gtgtgtggga acgacgccct
ctceteacca cagetggage
gtgttcatcg agaccgccgt
atcagcagca aggccgacga
aactgggcceyg ccaataccgg
tgggactcca acggaggagt
gtggccgaca acatcatgaa
agccagggeyg atgctectet
acaggcggat gtagcggaag
<210> SEQ ID NO 28

<211> LENGTH: 3618
<212> TYPE: DNA

ggacagcttyg

tggcaggece

ggtggctace

catcgactgg

caatggecetyg

gggaagcect

gacccaaggce

gggcagcctg

cagggacgac

geccaacegt acgtgatcegg

agagacagat gcgccaggat

atgttegtgyg ccctgetggy

gacgccateg cccagtgtga

tacggcggee tgcagatcag

geegetgett ccectcagea

cctggegect ggectaagtyg

acccacatce tgacctttet

<213> ORGANISM: Mycobacterium tuberculosis

<220> FEATURE:

taccceccgga

cgtgtgcace

cctgageace

atccggegga

ccaggctace

gcagatcgag

ttccagetgt

cgecegecgag

<223> OTHER INFORMATION: Ag85A-ESAT6-Rv3407-Rv2626c-RpfA-RpfD

<400> SEQUENCE: 28

gctagcacca tggegttcag

cccagecatgyg gecegggacat

ctgtacctge tggacggect

ccegectteg agtggtacga

agcagcttet acagcgactg

aagtgggaga ccttectgac

aagcccacceyg gcagcegeogt

gecatctace acccccagcea

agccaggeca tgggecccac

gecagegaca tgtggggece

aacgtgggca agctgatcge

cccagegace tgggceggcaa

agcaacatca agttccagga

ttcccegaca geggcaccca

ccegacctge agegggecact

accgagcage agtggaactt

gtgaccagca tccacagect

gCttggggCg gatccggaag

gccaccgage tgaacaacge

getatggeca gcacagaggyg

gtggaggcca ttggcatcag

gaggctggag aggagcetggyg

gtgcaggetg ccgagaggag

agaaggccte agaacctget

ctgagcgacyg tgctgaacga

cagacccgge

caaagtgcag

gcgggcccag

ccagagcegge

gtatcagcce

cagcgagetyg

ggtgggcetg

gttegtgtac

cctgategge

caaggaggac

caacaacacc

caacctgecee

cgcctacaac

cagctgggag

gggegecace

cgceggeate

gctggacgag

cgaagectac

cctgcagaac

caatgtgacc

ggagctgagg

cgtgaccaac

cagagaggcc

ggacgtgace

gatgagggac

ctgccegtgyg agtacctgea

ttccagageyg gcggagccaa

gacgacttca gcggcetggga

ctgagegtgyg tgatgecegt

gectgeggea aggcceggetg

cceggetgge tgcaggecaa

agcatggceyg ccagcagcege

geeggageca tgageggect

ctggeccatgyg gcgacgecgyg

ccegectgge agceggaacga

cgcgtgtggg tgtactgcgg

gccaagttee tggagggett

gecggaggeg gccacaacgg

tactggggag cccagctgaa

cccaacaccyg geectgecee

gaagctgecg cgagegecat

ggcaagcaga gcctgaccaa

cagggcegtge agcagaagtyg

ctcgecagaa ccatcagega

ggcatgtteg ccagggccac

cagcacgcca gcaggtacct

aagggcaggc tggtggccag

ctgatcgaga geggegtget

getgagectyg ccagaggcag

gagcagacaa cagccaggga

ggtgcccage

cagcecetgee

catcaacacc

dggceggecag

ccagacctac

ccggcacgty

cctgacecety

getggaccce

aggctacaag

ccecectgety

caacggcaag

cgtgceggace

cgtgttegac

cgccatgaag

ccagggeget

ccaaggcaac

getggetget

ggacgccaca

ggccggacag

agtgggcctg

ggccagagtg

actgatccce

gatccctgece

gaagaggacc

catcatgaac

3120

3180

3240

3300

3360

3420

3480

3540

3570

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500
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geeggegtga cctgegtggg agagcatgaa accctcaccg cegecgecca atacatgagg 1560
gagcacgaca tcggcgccect gceccatcetgt ggagacgacg acaggctgca cggcatgetg 1620
accgacaggg acatcgtgat caagggectg getgecggece tcegatcctaa caccgcetaca 1680
geeggegage tggccagaga cagcatctac tacgtggacg ccaacgcecag catccaggag 1740
atgctcaacg tgatggagga gcaccaggtg agaagggtge ctgtgatcag cgagcacagg 1800
ctggtgggca tcgtgaccga ggccgatatce gctaggcacce tgcccgagca cgccatcgtg 1860
cagttcgtga aggccatctg cagccccatg gctetggeca gectcagggag gcatcggaaa 1920
ccaactacaa gcaatgtatc tgttgccaag attgctttca ccggcgcagt tettggaggt 1980
ggcggaattyg ccatggctge ccaggcaaca gccgctacag atggagagtg ggatcaggtg 2040
gctecgatgtyg agtcectggtgg caactggtcect atcaacactg ggaacgggta tcttggegge 2100
ttgcaattta ctcagagcac ttgggctgce cacggagggg gtgaatttge tectagegeg 2160
cagctggect cccgegagca gcagateget gtgggagaga gggtgttgge cacacaggga 2220
agaggtgcct ggcctgtetg tggccgegga ctcagtaatg ctaccecctag ggaggtgetg 2280
ccegectecag cecgctatgga cgctccactg gatgectgecg cecgtgaatgg cgagcecagcet 2340
cegetggeac ccccacctge agaccecget cecccagteg agetggegge aaacgacctg 2400
ccegecaccte tcggagaacc acttcectgca gcgectgecg atccagctcece acctgctgat 2460
ttggctecece cecgcteccecege cgatgtagcee cctecggteg agttggctgt gaatgacctg 2520
ceggeaccte tgggegagece cctceccagece geteeggecyg accctgeccee tectgetgat 2580
ctggcaccac ccgctectge cgacctegece ceacccgece cagcagacct ggctcecacca 2640
gcgectgegyg atcttgecce gectgttgag ctggctgtca acgatcttcece tgcgectett 2700
ggagagccee tgcccgetge tccagecgaa ctegcaccac cggcagatcet ggetcccgece 2760
tctgeccgate ttgcacctece cgcaccggceg gacttggcac ctccagcacce agcagaactg 2820
geteccecty cgecggcetga cctggecect ccagcagecg ttaatgagca aaccgcacca 2880
ggggaccage cggctacgge accaggtgga ccggtgggge tggccaccga cctggagetg 2940
cctgagecegg atccccaacce agetgatget cecccacctyg gegacgtaac tgaggeccca 3000
gctgaaacge cccaggtcag taacatcgcet tacacaaaga aactgtggca ggcaattagg 3060
gctcaggacg tgtgtgggaa cgacgccctg gacagcttgg cccaaccgta cgtgatceggt 3120
acccecggac tcctcaccac agctggaget ggcaggccca gagacagatyg cgccaggate 3180
gtgtgcaccg tgttcatcga gaccgccegtg gtggctacca tgttcegtgge cctgectggge 3240
ctgagcacca tcagcagcaa ggccgacgac atcgactggg acgccatcege ccagtgtgaa 3300
tceggeggaa actgggecge caataccgge aatggectgt acggeggect gcagatcage 3360
caggctacct gggactccaa cggaggagtg ggaagccctyg cegetgette ccctcagcag 3420
cagatcgagg tggccgacaa catcatgaag acccaaggec ctggegectyg gcectaagtgt 3480
tccagetgta geccagggega tgctectcectg ggcagcecctga cccacatcct gacctttcete 3540
geegecgaga caggcggatg tageggaage agggacgact acccctacga cgtgcccgac 3600
tacgccgatt agtctaga 3618

<210> SEQ ID NO 29
<211> LENGTH: 1190

<212> TYPE

PRT

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
<223> OTHER INFORMATION: Ag85A-ESAT6-Rv3407-Rv2626c-RpfA-RpfD
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<400> SEQUENCE: 29

Met Ala Phe Ser Arg Pro Gly Leu Pro Val Glu Tyr Leu Gln Val Pro
1 5 10 15

Ser Pro Ser Met Gly Arg Asp Ile Lys Val Gln Phe Gln Ser Gly Gly
20 25 30

Ala Asn Ser Pro Ala Leu Tyr Leu Leu Asp Gly Leu Arg Ala Gln Asp
35 40 45

Asp Phe Ser Gly Trp Asp Ile Asn Thr Pro Ala Phe Glu Trp Tyr Asp
50 55 60

Gln Ser Gly Leu Ser Val Val Met Pro Val Gly Gly Gln Ser Ser Phe
65 70 75 80

Tyr Ser Asp Trp Tyr Gln Pro Ala Cys Gly Lys Ala Gly Cys Gln Thr
85 90 95

Tyr Lys Trp Glu Thr Phe Leu Thr Ser Glu Leu Pro Gly Trp Leu Gln
100 105 110

Ala Asn Arg His Val Lys Pro Thr Gly Ser Ala Val Val Gly Leu Ser
115 120 125

Met Ala Ala Ser Ser Ala Leu Thr Leu Ala Ile Tyr His Pro Gln Gln
130 135 140

Phe Val Tyr Ala Gly Ala Met Ser Gly Leu Leu Asp Pro Ser Gln Ala
145 150 155 160

Met Gly Pro Thr Leu Ile Gly Leu Ala Met Gly Asp Ala Gly Gly Tyr
165 170 175

Lys Ala Ser Asp Met Trp Gly Pro Lys Glu Asp Pro Ala Trp Gln Arg
180 185 190

Asn Asp Pro Leu Leu Asn Val Gly Lys Leu Ile Ala Asn Asn Thr Arg
195 200 205

Val Trp Val Tyr Cys Gly Asn Gly Lys Pro Ser Asp Leu Gly Gly Asn
210 215 220

Asn Leu Pro Ala Lys Phe Leu Glu Gly Phe Val Arg Thr Ser Asn Ile
225 230 235 240

Lys Phe Gln Asp Ala Tyr Asn Ala Gly Gly Gly His Asn Gly Val Phe
245 250 255

Asp Phe Pro Asp Ser Gly Thr His Ser Trp Glu Tyr Trp Gly Ala Gln
260 265 270

Leu Asn Ala Met Lys Pro Asp Leu Gln Arg Ala Leu Gly Ala Thr Pro
275 280 285

Asn Thr Gly Pro Ala Pro Gln Gly Ala Thr Glu Gln Gln Trp Asn Phe
290 295 300

Ala Gly Ile Glu Ala Ala Ala Ser Ala Ile Gln Gly Asn Val Thr Ser
305 310 315 320

Ile His Ser Leu Leu Asp Glu Gly Lys Gln Ser Leu Thr Lys Leu Ala
325 330 335

Ala Ala Trp Gly Gly Ser Gly Ser Glu Ala Tyr Gln Gly Val Gln Gln
340 345 350

Lys Trp Asp Ala Thr Ala Thr Glu Leu Asn Asn Ala Leu Gln Asn Leu
355 360 365

Ala Arg Thr Ile Ser Glu Ala Gly Gln Ala Met Ala Ser Thr Glu Gly
370 375 380

Asn Val Thr Gly Met Phe Ala Arg Ala Thr Val Gly Leu Val Glu Ala
385 390 395 400

Ile Gly Ile Arg Glu Leu Arg Gln His Ala Ser Arg Tyr Leu Ala Arg
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Ala

Ile

Asp

465

Asn

Ala

Asp

Lys

545

Leu

Glu

Ile

Arg

Ser

625

Ser

Gly

Glu

Asn

Trp

705

Ser

Gly

Pro

Ala

Asp
785

Leu

Asp

Glu

Arg

Glu

450

Val

Leu

Ala

Gln

Asp

530

Gly

Ala

Met

Ser

His

610

Pro

Asn

Gly

Trp

Thr

690

Ala

Arg

Arg

Arg

Ala
770
Pro

Gly

Leu

Ala

Leu

435

Ser

Thr

Asn

Gly

Tyr

515

Asp

Leu

Arg

Leu

Glu

595

Leu

Met

Val

Gly

Asp

675

Gly

Ala

Glu

Gly

Glu

755

Ala

Ala

Glu

Ala

Gly

420

Ile

Gly

Ala

Glu

Val

500

Met

Arg

Ala

Asp

Asn

580

His

Pro

Ala

Ser

Ile

660

Gln

Asn

His

Gln

Ala

740

Val

Val

Pro

Pro

Pro
820

405

Glu

Pro

Val

Glu

Met

485

Thr

Arg

Leu

Ala

Ser

565

Val

Arg

Glu

Leu

Val

645

Ala

Val

Gly

Gly

Gln

725

Trp

Leu

Asn

Pro

Leu
805

Pro

Glu

Val

Leu

Pro

470

Arg

Cys

Glu

His

Gly

550

Ile

Met

Leu

His

Ala

630

Ala

Met

Ala

Tyr

Gly

710

Ile

Pro

Pro

Gly

Val
790

Pro

Ala

410 415

Leu Gly Val Thr Asn Lys Gly Arg Leu
425 430

Gln Ala Ala Glu Arg Ser Arg Glu Ala
440 445

Ile Pro Ala Arg Arg Pro Gln Asn Leu
455 460

Ala Arg Gly Arg Lys Arg Thr Leu Ser
475

Asp Glu Gln Thr Thr Ala Arg Asp Ile
490 495

Val Gly Glu His Glu Thr Leu Thr Ala
505 510

His Asp Ile Gly Ala Leu Pro Ile Cys
520 525

Gly Met Leu Thr Asp Arg Asp Ile Val
535 540

Leu Asp Pro Asn Thr Ala Thr Ala Gly
555

Tyr Tyr Val Asp Ala Asn Ala Ser Ile
570 575

Glu Glu His Gln Val Arg Arg Val Pro
585 590

Val Gly Ile Val Thr Glu Ala Asp Ile
600 605

Ala Ile Val Gln Phe Val Lys Ala Ile
615 620

Ser Ser Gly Arg His Arg Lys Pro Thr
635

Lys Ile Ala Phe Thr Gly Ala Val Leu
650 655

Ala Ala Gln Ala Thr Ala Ala Thr Asp
665 670

Arg Cys Glu Ser Gly Gly Asn Trp Ser
680 685

Leu Gly Gly Leu Gln Phe Thr Gln Ser
695 700

Gly Glu Phe Ala Pro Ser Ala Gln Leu
715

Ala Val Gly Glu Arg Val Leu Ala Thr
730 735

Val Cys Gly Arg Gly Leu Ser Asn Ala
745 750

Ala Ser Ala Ala Met Asp Ala Pro Leu
760 765

Glu Pro Ala Pro Leu Ala Pro Pro Pro
775 780

Glu Leu Ala Ala Asn Asp Leu Pro Ala
795

Ala Ala Pro Ala Asp Pro Ala Pro Pro
810 815

Pro Ala Asp Val Ala Pro Pro Val Glu
825 830

Val

Leu

Leu

Asp

480

Met

Ala

Gly

Ile

Glu

560

Gln

Val

Ala

Cys

Thr

640

Gly

Gly

Ile

Thr

Ala

720

Gln

Thr

Asp

Ala

Pro
800

Ala

Leu
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Ala Val Asn Asp Leu Pro Ala Pro Leu Gly Glu Pro Leu Pro Ala Ala
835 840 845
Pro Ala Asp Pro Ala Pro Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala
850 855 860
Asp Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala
865 870 875 880
Asp Leu Ala Pro Pro Val Glu Leu Ala Val Asn Asp Leu Pro Ala Pro
885 890 895
Leu Gly Glu Pro Leu Pro Ala Ala Pro Ala Glu Leu Ala Pro Pro Ala
900 905 910
Asp Leu Ala Pro Ala Ser Ala Asp Leu Ala Pro Pro Ala Pro Ala Asp
915 920 925
Leu Ala Pro Pro Ala Pro Ala Glu Leu Ala Pro Pro Ala Pro Ala Asp
930 935 940
Leu Ala Pro Pro Ala Ala Val Asn Glu Gln Thr Ala Pro Gly Asp Gln
945 950 955 960
Pro Ala Thr Ala Pro Gly Gly Pro Val Gly Leu Ala Thr Asp Leu Glu
965 970 975
Leu Pro Glu Pro Asp Pro Gln Pro Ala Asp Ala Pro Pro Pro Gly Asp
980 985 990
Val Thr Glu Ala Pro Ala Glu Thr Pro Gln Val Ser Asn Ile Ala Tyr
995 1000 1005
Thr Lys Lys Leu Trp Gln Ala Ile Arg Ala Gln Asp Val Cys Gly
1010 1015 1020
Asn Asp Ala Leu Asp Ser Leu Ala Gln Pro Tyr Val Ile Gly Thr
1025 1030 1035
Pro Gly Leu Leu Thr Thr Ala Gly Ala Gly Arg Pro Arg Asp Arg
1040 1045 1050
Cys Ala Arg Ile Val Cys Thr Val Phe Ile Glu Thr Ala Val Val
1055 1060 1065
Ala Thr Met Phe Val Ala Leu Leu Gly Leu Ser Thr Ile Ser Ser
1070 1075 1080
Lys Ala Asp Asp Ile Asp Trp Asp Ala Ile Ala Gln Cys Glu Ser
1085 1090 1095
Gly Gly Asn Trp Ala Ala Asn Thr Gly Asn Gly Leu Tyr Gly Gly
1100 1105 1110
Leu Gln 1Ile Ser Gln Ala Thr Trp Asp Ser Asn Gly Gly Val Gly
1115 1120 1125
Ser Pro Ala Ala Ala Ser Pro Gln Gln Gln Ile Glu Val Ala Asp
1130 1135 1140
Asn Ile Met Lys Thr Gln Gly Pro Gly Ala Trp Pro Lys Cys Ser
1145 1150 1155
Ser Cys Ser Gln Gly Asp Ala Pro Leu Gly Ser Leu Thr His Ile
1160 1165 1170
Leu Thr Phe Leu Ala Ala Glu Thr Gly Gly Cys Ser Gly Ser Arg
1175 1180 1185
Asp Asp
1190
<210> SEQ ID NO 30
<211> LENGTH: 1200
<212> TYPE: PRT
<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:
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<223> OTHER INFORMATION: Ag85A-ESAT6-Rv3407-Rv2626c-RpfA-RpfD
<400> SEQUENCE: 30

Met Ala Phe Ser Arg Pro Gly Leu Pro Val Glu Tyr Leu Gln Val Pro
1 5 10 15

Ser Pro Ser Met Gly Arg Asp Ile Lys Val Gln Phe Gln Ser Gly Gly
20 25 30

Ala Asn Ser Pro Ala Leu Tyr Leu Leu Asp Gly Leu Arg Ala Gln Asp
35 40 45

Asp Phe Ser Gly Trp Asp Ile Asn Thr Pro Ala Phe Glu Trp Tyr Asp
50 55 60

Gln Ser Gly Leu Ser Val Val Met Pro Val Gly Gly Gln Ser Ser Phe
65 70 75 80

Tyr Ser Asp Trp Tyr Gln Pro Ala Cys Gly Lys Ala Gly Cys Gln Thr
85 90 95

Tyr Lys Trp Glu Thr Phe Leu Thr Ser Glu Leu Pro Gly Trp Leu Gln
100 105 110

Ala Asn Arg His Val Lys Pro Thr Gly Ser Ala Val Val Gly Leu Ser
115 120 125

Met Ala Ala Ser Ser Ala Leu Thr Leu Ala Ile Tyr His Pro Gln Gln
130 135 140

Phe Val Tyr Ala Gly Ala Met Ser Gly Leu Leu Asp Pro Ser Gln Ala
145 150 155 160

Met Gly Pro Thr Leu Ile Gly Leu Ala Met Gly Asp Ala Gly Gly Tyr
165 170 175

Lys Ala Ser Asp Met Trp Gly Pro Lys Glu Asp Pro Ala Trp Gln Arg
180 185 190

Asn Asp Pro Leu Leu Asn Val Gly Lys Leu Ile Ala Asn Asn Thr Arg
195 200 205

Val Trp Val Tyr Cys Gly Asn Gly Lys Pro Ser Asp Leu Gly Gly Asn
210 215 220

Asn Leu Pro Ala Lys Phe Leu Glu Gly Phe Val Arg Thr Ser Asn Ile
225 230 235 240

Lys Phe Gln Asp Ala Tyr Asn Ala Gly Gly Gly His Asn Gly Val Phe
245 250 255

Asp Phe Pro Asp Ser Gly Thr His Ser Trp Glu Tyr Trp Gly Ala Gln
260 265 270

Leu Asn Ala Met Lys Pro Asp Leu Gln Arg Ala Leu Gly Ala Thr Pro
275 280 285

Asn Thr Gly Pro Ala Pro Gln Gly Ala Thr Glu Gln Gln Trp Asn Phe
290 295 300

Ala Gly Ile Glu Ala Ala Ala Ser Ala Ile Gln Gly Asn Val Thr Ser
305 310 315 320

Ile His Ser Leu Leu Asp Glu Gly Lys Gln Ser Leu Thr Lys Leu Ala
325 330 335

Ala Ala Trp Gly Gly Ser Gly Ser Glu Ala Tyr Gln Gly Val Gln Gln
340 345 350

Lys Trp Asp Ala Thr Ala Thr Glu Leu Asn Asn Ala Leu Gln Asn Leu
355 360 365

Ala Arg Thr Ile Ser Glu Ala Gly Gln Ala Met Ala Ser Thr Glu Gly
370 375 380

Asn Val Thr Gly Met Phe Ala Arg Ala Thr Val Gly Leu Val Glu Ala
385 390 395 400



125

US 11,091,775 B2

-continued

126

Ile

Ala

Ile

Asp

465

Asn

Ala

Asp

Lys

545

Leu

Glu

Ile

Arg

Ser

625

Ser

Gly

Glu

Asn

Trp

705

Ser

Gly

Pro

Ala

Asp
785

Leu

Asp

Gly

Glu

Arg

Glu

450

Val

Leu

Ala

Gln

Asp

530

Gly

Ala

Met

Ser

His

610

Pro

Asn

Gly

Trp

Thr

690

Ala

Arg

Arg

Arg

Ala
770
Pro

Gly

Leu

Ile

Ala

Leu

435

Ser

Thr

Asn

Gly

Tyr

515

Asp

Leu

Arg

Leu

Glu

595

Leu

Met

Val

Gly

Asp

675

Gly

Ala

Glu

Gly

Glu

755

Ala

Ala

Glu

Ala

Arg

Gly

420

Ile

Gly

Ala

Glu

Val

500

Met

Arg

Ala

Asp

Asn

580

His

Pro

Ala

Ser

Ile

660

Gln

Asn

His

Gln

Ala

740

Val

Val

Pro

Pro

Pro

Glu

405

Glu

Pro

Val

Glu

Met

485

Thr

Arg

Leu

Ala

Ser

565

Val

Arg

Glu

Leu

Val

645

Ala

Val

Gly

Gly

Gln

725

Trp

Leu

Asn

Pro

Leu
805

Pro

Leu

Glu

Val

Leu

Pro

470

Arg

Cys

Glu

His

Gly

550

Ile

Met

Leu

His

Ala

630

Ala

Met

Ala

Tyr

Gly

710

Ile

Pro

Pro

Gly

Val
790

Pro

Ala

Arg

Leu

Gln

Ile

455

Ala

Asp

Val

His

Gly

535

Leu

Tyr

Glu

Val

Ala

615

Ser

Lys

Ala

Arg

Leu

695

Gly

Ala

Val

Ala

Glu
775
Glu

Ala

Pro

Gln

Gly

Ala

440

Pro

Arg

Glu

Gly

Asp

520

Met

Asp

Tyr

Glu

Gly

600

Ile

Ser

Ile

Ala

Cys

680

Gly

Glu

Val

Cys

Ser

760

Pro

Leu

Ala

Ala

His

Val

425

Ala

Ala

Gly

Gln

Glu

505

Ile

Leu

Pro

Val

His

585

Ile

Val

Gly

Ala

Gln

665

Glu

Gly

Phe

Gly

Gly

745

Ala

Ala

Ala

Pro

Asp

Ala

410

Thr

Glu

Arg

Arg

Thr

490

His

Gly

Thr

Asn

Asp

570

Gln

Val

Gln

Arg

Phe

650

Ala

Ser

Leu

Ala

Glu

730

Arg

Ala

Pro

Ala

Ala
810

Val

Ser

Asn

Arg

Arg

Lys

475

Thr

Glu

Ala

Asp

Thr

555

Ala

Val

Thr

Phe

His

635

Thr

Thr

Gly

Gln

Pro

715

Arg

Gly

Met

Leu

Asn
795

Asp

Ala

Arg

Lys

Ser

Pro

460

Arg

Ala

Thr

Leu

Arg

540

Ala

Asn

Arg

Glu

Val

620

Arg

Gly

Ala

Gly

Phe

700

Ser

Val

Leu

Asp

Ala
780
Asp

Pro

Pro

Tyr

Gly

Arg

445

Gln

Thr

Arg

Leu

Pro

525

Asp

Thr

Ala

Arg

Ala

605

Lys

Lys

Ala

Ala

Asn

685

Thr

Ala

Leu

Ser

Ala

765

Pro

Leu

Ala

Pro

Leu

Arg

430

Glu

Asn

Leu

Asp

Thr

510

Ile

Ile

Ala

Ser

Val

590

Asp

Ala

Pro

Val

Thr

670

Trp

Gln

Gln

Ala

Asn

750

Pro

Pro

Pro

Pro

Val

Ala

415

Leu

Ala

Leu

Ser

Ile

495

Ala

Cys

Val

Gly

Ile

575

Pro

Ile

Ile

Thr

Leu

655

Asp

Ser

Ser

Leu

Thr

735

Ala

Leu

Pro

Ala

Pro
815

Glu

Arg

Val

Leu

Leu

Asp

480

Met

Ala

Gly

Ile

Glu

560

Gln

Val

Ala

Cys

Thr

640

Gly

Gly

Ile

Thr

Ala

720

Gln

Thr

Asp

Ala

Pro
800

Ala

Leu
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-continued

820 825 830

Ala Val Asn Asp Leu Pro Ala Pro Leu Gly Glu Pro Leu Pro Ala Ala
835 840 845

Pro Ala Asp Pro Ala Pro Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala
850 855 860

Asp Leu Ala Pro Pro Ala Pro Ala Asp Leu Ala Pro Pro Ala Pro Ala
865 870 875 880

Asp Leu Ala Pro Pro Val Glu Leu Ala Val Asn Asp Leu Pro Ala Pro
885 890 895

Leu Gly Glu Pro Leu Pro Ala Ala Pro Ala Glu Leu Ala Pro Pro Ala
900 905 910

Asp Leu Ala Pro Ala Ser Ala Asp Leu Ala Pro Pro Ala Pro Ala Asp
915 920 925

Leu Ala Pro Pro Ala Pro Ala Glu Leu Ala Pro Pro Ala Pro Ala Asp
930 935 940

Leu Ala Pro Pro Ala Ala Val Asn Glu Gln Thr Ala Pro Gly Asp Gln
945 950 955 960

Pro Ala Thr Ala Pro Gly Gly Pro Val Gly Leu Ala Thr Asp Leu Glu
965 970 975

Leu Pro Glu Pro Asp Pro Gln Pro Ala Asp Ala Pro Pro Pro Gly Asp
980 985 990

Val Thr Glu Ala Pro Ala Glu Thr Pro Gln Val Ser Asn Ile Ala Tyr
995 1000 1005

Thr Lys Lys Leu Trp Gln Ala Ile Arg Ala Gln Asp Val Cys Gly
1010 1015 1020

Asn Asp Ala Leu Asp Ser Leu Ala Gln Pro Tyr Val Ile Gly Thr
1025 1030 1035

Pro Gly Leu Leu Thr Thr Ala Gly Ala Gly Arg Pro Arg Asp Arg
1040 1045 1050

Cys Ala Arg Ile Val Cys Thr Val Phe Ile Glu Thr Ala Val Val
1055 1060 1065

Ala Thr Met Phe Val Ala Leu Leu Gly Leu Ser Thr Ile Ser Ser
1070 1075 1080

Lys Ala Asp Asp Ile Asp Trp Asp Ala Ile Ala Gln Cys Glu Ser
1085 1090 1095

Gly Gly Asn Trp Ala Ala Asn Thr Gly Asn Gly Leu Tyr Gly Gly
1100 1105 1110

Leu Gln 1Ile Ser Gln Ala Thr Trp Asp Ser Asn Gly Gly Val Gly
1115 1120 1125

Ser Pro Ala Ala Ala Ser Pro Gln Gln Gln Ile Glu Val Ala Asp
1130 1135 1140

Asn Ile Met Lys Thr Gln Gly Pro Gly Ala Trp Pro Lys Cys Ser
1145 1150 1155

Ser Cys Ser Gln Gly Asp Ala Pro Leu Gly Ser Leu Thr His Ile
1160 1165 1170

Leu Thr Phe Leu Ala Ala Glu Thr Gly Gly Cys Ser Gly Ser Arg
1175 1180 1185

Asp Asp Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Asp
1190 1195 1200

<210> SEQ ID NO 31

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis
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-continued
<220> FEATURE:
<223> OTHER INFORMATION: VL9 peptide
<400> SEQUENCE: 31
Val Met Ala Pro Arg Thr Leu Leu Leu
1 5
10

What is claimed is:

1. A recombinant rhesus cytomegalovirus (RhCMV) or
human cytomegalovirus (HCMV) vector comprising a
nucleic acid sequence encoding an expressible Mycobacte-
rium tuberculosis (Mtb) antigen, wherein said Mtb antigen
is a fusion protein, wherein said fusion protein is selected
from the following two fusion proteins which comprise the
following Mtb proteins or antigenic fragments thereof in the
order listed: Rv1733-Rv2626¢ and Ag85A-ESAT6-Rv3407-
Rv2626¢-RpfA-RpfD.

2. The recombinant RhCMV or HCMV vaccine vector of
claim 1, wherein expression of the Mtb antigen is driven by
an antigen-coding sequence in operable association with a
promoter selected from the group consisting of a constitutive
CMYV promoter, an immediate early CMV promoter, an early
CMYV promoter, and a late CMV promoter.

3. The recombinant RhCMV or HCMV vaccine vector of
claim 2, wherein the promoter is selected from the group
consisting of EF1-alpha, UL82, MIE, pp65, and gH.

4. The recombinant RhCMV or HCMV vaccine vector of
claim 1, comprising a deletion or modification of US2, US3,
US4, USS, US6, US11, or UL97, or a homolog thereof.

5. The recombinant RhCMV or HCMV vaccine vector of
claim 1, comprising a deletion of Rh158-166 or a homolog
thereof.

6. The recombinant RhCMV or HCMYV vaccine vector of
claim 1, wherein the RbCMV or HCMV vaccine vector is a
tropism-restricted vector.

7. The recombinant RhCMV or HCMV vaccine vector of
claim 6, wherein the tropism-restrictive vector lacks genes
required for optimal growth in certain cell types or contains
targets for tissue-specific micro-RNAs in genes essential for
viral replication or wherein the tropism-restrictive vector has
an epithelial, central nervous system (CNS), or macrophage
deficient tropism, or a combination thereof.

8. The recombinant RhCMV or HCMV vaccine vector of
claim 1, wherein the RbCMV or HCMYV vaccine vector has
a deletion in a gene non-essential for growth in vivo.

9. The recombinant RhCMV or HCMV vaccine vector of
claim 8, wherein the gene is selected from the group
consisting of the R[L11 family, the pp65 family, the US12
family, and the US28 family.

10. The recombinant RhCMV vaccine vector of claim 9,
wherein the RhRCMYV gene is selected from the group con-
sisting of Rh13-Rh29, Rh111-Rh112, Rh191-Rh202, and
Rh214-Rh220, or wherein the RhCMV gene is selected from
the group consisting of Rh13.1, Rh19, Rh20, Rh23, Rh24,
Rh112, Rh190, Rh192, Rh196, Rh198, Rh199, Rh200,
Rh201, Rh202, and Rh220.

11. The recombinant HCMV vaccine vector of claim 9,
wherein the HCMV gene region is selected from the group
consisting of RL11, UL6, UL7, UL9, UL11, UL83 (pp65),
US12, US13, US14, US17, US18, US19, US20, US21, and
UL28.

12. The recombinant RhCMV or HCMYV vaccine vector
of claim 1, wherein the vector comprises a deletion in a
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RhCMV or HCMV gene that is essential for replication
within a host, dissemination within a host, or spreading from
host to host.

13. The recombinant RhCMV or HCMV vaccine vector
of claim 12, wherein the essential gene is UL94, UL32,
UL99, UL115, or UL44, or a homolog thereof.

14. The recombinant RhCMV or HCMV vaccine vector
of claim 1, wherein the vector comprises a deletion in gene
ULS82 or a homolog thereof.

15. The recombinant RhCMV or HCMV vaccine vector
of claim 1, wherein the vector comprises a nucleic acid
sequence encoding US2, US3, or US6, or a homolog thereof,
wherein the vector does not encode a functional US11.

16. The recombinant RhCMV or HCMV vaccine vector
of claim 15, wherein the nucleic acid sequence encodes
US2, US3, and US6.

17. The recombinant RhCMV or HCMV vaccine vector
of claim 15, wherein the nucleic acid encoding a US11 open
reading frame is deleted.

18. The recombinant RhCMV or HCMV vaccine vector
of claim 15, wherein the vector comprises a nucleic acid
sequence encoding US11, and wherein the nucleic acid
sequence encoding US11 comprises a point mutation, a
frameshift mutation, and/or a deletion of one or more
nucleotides of the nucleic acid sequence encoding US11.

19. The recombinant RhCMV or HCMV vaccine vector
of claim 18, wherein the vector lacks the tegument protein
pp65.

20. The recombinant RhCMV or HCMV vaccine vector
of claim 1, wherein the vector does not express an active
UL130 protein.

21. The recombinant RhCMV or HCMV vaccine vector
of claim 1, wherein the RhCMV vaccine vector is Rh68-1 or
Rh68-1.2.

22. The recombinant RhCMV or HCMV vaccine vector
of claim 1 further comprising a microRNA recognition
element (MRE) operably linked to a CMV gene that is
essential or augmenting for CMV growth, and wherein the
MRE silences expression in the presence of a microRNA
that is expressed by a cell of myeloid lineage.

23. A pharmaceutical composition comprising the recom-
binant RhCMYV or HCMYV vaccine vector of claim 1, and a
pharmaceutically acceptable carrier.

24. A method for treatment or prevention of tuberculosis
or eliciting an immune response to a Mtb antigen comprising
administering to a subject in need thereof at least one
recombinant RhCMV or HCMV vaccine vector of claim 1.

25. The method of claim 24, wherein the recombinant
RhCMV or HCMV vaccine vector is administered to the
subject intravenously, intramuscularly, intraperitoneally,
intranasally, orally, or as an aerosol.

26. A Mtb antigen, wherein said Mtb antigen is a fusion
protein, wherein said fusion protein comprises the following
Mtb proteins or antigenic fragments thereof in the order
listed: Ag85A-ESAT6-Rv3407-Rv2626¢-RpfA-RpfD.

27. The human cytomegalovirus (HCMV) vector of claim
1, comprising a nucleic acid sequence encoding an express-
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ible Mtb antigen, wherein said nucleic acid sequence
encodes the Mtb antigen Ag85A-ESAT6-Rv3407-Rv2626¢-
RpfA-RpfD.

28. The RhCMV or HCMYV vector of claim 1, wherein
said nucleic acid sequence encoding an Mtb antigen is a 5
bacterial codon optimized sequence or a mammalian codon
optimized sequence.



